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FROM THE DEPARTMENT OF PHARMACOLOGY, UNIVERSITY BUDAPEST 

DIRECTOR : DR. B. ISSEKUTZ 


THE EFFECT OF ACTEDRON (PHENYLISOPROPYLAMINE) 
AND THYROXINE ON THE BODY TEMPERATURE 

BY 

J. SIMONYI and D. SZENTGYORGYI 


(Received for publication 15-1 1-1948/'. 


Several workers have been engaged in examining the influence of 
thyroxine and the thyroid gland upon the temperature regulation 
mechanism. Pfeifer (21) and Cori (7) demonstrated, that thyroecto- 
mised animals are more susceptible to the effects of cold and temperature 
regulation improves after administration of thyroxine. Gergely (8), 
Pfeifer (21), Ascher & Ruchti (2) as well as Korenchevsky (17) 
maintain, that these animals respond to warmth either less, or to the 
same extent as normal subjects; other authors have shown just the con- 
trary : Pfeifer (21), Boldyreff (4), Liddel-Simpson (19), Capitolo (6), 
Berde (3). According to Brochards experiments (5) thyreoectomised 
cats show a diminished response to pyrogens (tetrahydronaftilamine, 
pneumococci). Researches of Adler (i), Thauer (22), Mansfeld (20), 
Krehl & Isenschmidt (18) also showed the work of the thyroid gland 
in the heat regulation. Glaubach & Pick (9) examined the effect of 
thyroxine upon changes of heat regulation when disturbed by pyrogens 
and antipyretics. They found, that tetrahydronaftilamine and cocaine 
following the administration of thyroxine caused hyperpyrexy, which 
in turn, could be warded off by employing Na-phenylethyl-barb. 
Thyroxine checked the Na-phenylethyl-barb. and novocaine effect, but 
left the influence of chinin and antifebrine unchanged. Thyroxine 
after cuting the spinal chord had no effect, or only in small degree on 
the temperature drop caused by novocaine [Glaubach & Pick (9), 
Issekutz & Kovari (16), Issekutz et al. (12), Issekutz jun. ct al. (13)]. 

In our experiments we employed actedron, a definitivly centrally 
acting pyrogenic agent. [Issekutz et al. (12), Issekutz jun. et al. (13)]. 
We observed the change of the effect of actedron after thyroxine, and 
the work of various antipyretics upon it as well. 
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Methods 


For the experiments male albino-rats were used ranging in weight from 80 to 150 grams. 
In the course of the experiments and also for 4 to 5 days previously the animals were 
kept on a standard diet. Rats of one and the same group were placed in the same cage. 
Between temperature measuring and feeding we always kept regular intervals. Body 
temperature was taken at intervals of 30 and 60 minutes after the administration of the 
drug to be examined. The thermometer was carefully slid into the rectum, always up 
to a determined depth and vaseline was employed to avoid harmful effects which might 
have infered with the results. The substances under investigation were injected sub- 
cutaneously in the form of freshly made solutions. For 100 grams of body weight the 
following quantities were given : Na-phenylethylbarb. 15 mg (PHEB); urethane too mg; 
amidazophenum 15 mg; antipyrin 15 mg; dihydro ergotamine (DHE) 0.8 mg. The 
effect of thyroxine was investigated with synthetic d-l thyroxine of Hofmann La Roche. 
Every time it was freshly dissolved in 0.1 n. NaOH and was administered after 
instantaneous neutralisation. For five days doses of 0.5 mg/ too g were given daily. 
The animals were kept on room temperature, during cooler weather in a 20-24 C a 
thermostat. The given numbers show that the maximal fall of temperature and rise 
from the lowest, respectively highest normal. They are the average recordings of the 
individual groups with S. D. 


Experiments 

At first established a suitable dose of actedron for our experiments. 
A dose of 2 mg/ 1 00 mg caused a fever lasting for 6 to 9 hours with a 
highest value of 2.1 ± 0.62 C° (10 animals). During it we observed 
on the animals motorical irritation, increased excitability, biting the 
cage, but no cramps were seen. Cramps were not even by 4 mg/100 g, 
neither was there any considerable rize in temperature. Effects of 
smaller doses could not be adequately evaluated. (Fig. i).. 



The effect of various doses of Actedron on the body temperature. 

• 2 mg/100 g Actedron • ■ ; 0.6 mg/ 100 g Actedron 

: 4 mg/100 g Actedron : 0.3 mg/100 g Actedron 

- - - : 0.15 me/ roo g Actedron 
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The next step was to find out, what would happen if the animals were 
given previously thyroxine for five days. Temperature figures (on the 
animals) were higher in this case. The difference recorded was 3.5 ±0.67 
(Significant difference : 3). Five of the ten animals died (Fig. 2). 



Fig. 2 

The effect of Actedron before and after thyroxine administration. 

: 2 mg/100 g Actedron before thyroxine 

- - - : 2 mg/100 g Actedron after thyroxine 


In order to see whether thyroxine increases the sensitivness of animals 
to warmth too, we carried out separate experiments. Five animals, 
that had -been kept in room temperature (20-24 C°) were put in a 
36 C° thermosthat and their temperature observed. We found that 
it increased by 1.5 ± 0.13 C°, stayed of that unchanged for two hours, 
and then fell again, although the animals remained in the thermostat. 
Animals given thyroxine showed a rise of 3,5 ± 0.67 C°, through heating, 
a higher figure than that of the controls (Fig. 3). 



Animals kept in room temperature 
Animals kept in 36.0 C° : I ► 

a : control animals; b : animals after thyroxin administration. 
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Then we examined the antipyretic effect of 15 mg/100 g PhEB. On 
16 animals it caused a drop of 2.0 ± 0.3 C°, which stayed with but 
slight fluctuation for 8 hours. A group of 14 animals, that had received 
PhEB and actedron at the same time suffered a collapselike drop of 
temperature. At first we found them under a motional urge, running 
excitadly to and fro in the cage. After 10 to 20 minutes they were 



Fig. 4 

The effect of PhEB and Actedron on the body temperature 

o > : 2 mg/100 g Actedron : 

|| >. . j j rng/100 g PhEB 

o|| >- : 2 mg/100 g Actedron and 15 mg/100 g PhEB 


laying silenly in deep narcotism at the bottom of the cage. The con- 
dition coincided with a great drup in temperature (5.7 1.2 C°). 

After 3 hours temperature again increased and the animals recovered. 

But when actedron was given first, and PhEB only when the fever 
had already developed, than PhEB suppressed the fever incited by the 
actedron. The temperature showed fluctuations about the normal level, 
and there no collapse appeared. Likewise there was no collapse when 
waited with the administration of actedron until the antipyretic effect 
of the PhEB developed. Actedron, in this case, could not raise the 
temperature up to the normal level (Fig. 4). 

After the administration of thyroxine PhEB caused a drop of 1.5 ± 
0.4 C° on 5 animals. Actedron suspended the antipyretic effect of 
PhEB in these animals. Their temperature came to the normal level 
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within one hour, which was followed by high fever. (2.3 — 0.5 C°) as 
high as though actedron had been given without thyroxin administration. 
(Fig. 5). None of the animals died. Thus the subcortically working 
PhEB was able to counteract the actedron sensitising effect of throxine. 



The effect of PhEB and Actedron after thyroxine administration. 

o >- ; 2 mg/100 g Actedron 

|| ». . j 5 m g/ioo g PhEB 


Urethane (100 mg/100 g) caused a drop 1.05 ± 0.43 C° on 16 animals. 
When given together with actedron the same collapse-like drop (4.3 ± 
0.9 C°) appeared, a much bigger drop than urethane caused alone. 
(Fig. 6). 



The effect of Urethane and Actedron on the body temperature. 

! *■ : 100 mp/ioo g Urethane (o) 

0 — ► : 2 mg/100 g Actedron (fc) 

0 ► : 100 mg/ioo g Urethane and 2 mp'ioo p Actedron (r). 
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In five animals after thyroxine administration urethane caused a 
drop of 1.2 ± 0.36 C°. When animals, that had previously received 
thyroxine, were given urethane and actedron together, no collapse 
appeared. None of the animals died. (Fig. 7). The animals developed 
a temperature of 1.5 ± 0.2 C°. 



The effect of Urethane and Actedron on the body temperature after thyroxine admi- 
nistration. 

|| > : 100 mg/xoo g Urethane : a 

o|| y : 100 mg/100 g Urethane and 2 mg/100 g Actedron : b 


Novocaine (20 mg/100 g) caused a temperature drop of 1. 6 ± 0.7 C° 
maximum for one hour in 8 animals. When given together with actedron 
the novocaine effect became compensated and the temperature remained 
nearly at the normal level as long as the novocaine effect worked. 
(Fig. 8 ). 



Fig. 8 

The effect of Novocaine and Actedron on the body temperature. 

II * ■ 20 mg/100 g Novocaine : a. 

*■: 2 mg/ 1 00 g Actedron: b. 

0| l y '■ 20 mg/100 g Novocaine and z mg/100 g Actedron : c. 
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Likewise a compensatory influence on the novocaine effect was 
noticed after thyroxine administration. These animals were given 
novocain and actedron after thyroxine, which resulted in hyperpyrexy 
of 3-5 ± 0.9 C° maximum value and 3 of the 6 animals died (Fig. 9). 



X 2 3 4 5 67* 1 


Fig. 9 

The effect of novocain and Actedron on the body temperature after thyroxine admi- 
nistration. 

II y : 20 mg/100 g Novocaine : a 

o|| — . 2 m g / ioo g Actedron : b 

o [{• — — y ; 20 mg/ 1 00 g Novocaine and 2 mg/ 100 g Actedron : c 


Antipyrin (i5mg/ioo g) caused a drop of temperature of 1.5 ±0.3 C° 
on 3 animals. When given actedron, the compensatory effect brought 
about a mild fever (1.4 ±-0.2 C°) (Fig. 10). 



The effect of Antipvrin and Actedron on the body temperature. 

15 mg/100 g Antipyrin : a 
2 mg/ too g Actedron : b 

: 2 mg/100 g Actedron and 15 mrr'too g Antipyrin : c. 


(t=r) 
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Administration of thyroxine, like novocaine, counteracted the effect 
of antipyrin and temperature showed a slight fluctuation near the normal 
level. When the same animals were given actedron and antipyrin 
together, they developed a temperature of 4.0 ± 0.4 C° and two of 
the three animals died (Fig. ii). 


41 e° 

40 



39 

3e 



J ' 



a 


3 7 


1 ‘ J, 3 4 5 6 7 

Fig. ii 

The effect of Antipyrin and Actedron on the body temperature after thyroxine admi- 
nistration. 

II * : 15 mg/100 g Antipyrin : a 

f jj * ) : 15 mg/ 1 00 g Antipyrin and 2 mg/ 100 g Actedron : b. 


Amidazophenum (15 mg/100 g) brought about a fall of 4.0 ± 1.0 C° 
in 8 animals. When administered together with actedron a compen- 
satory influence was achieved against the antipyretic effect. The 
temperature successively went back to the normal level within half the 
time (2 hours) (Fig. 12). 



Fig. 12 

The effect of Amidazophenum and Actedron on the body temperature. 

II > : Amid. : a (15 mg/100 g) 

0 *■ : Act. : b (2 mg) 



Amid, and Act. : c. 
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After thyroxine amidazophenum caused 'a fall of the temperature 
of 3.0 ± 0.42 C° in 4 animals. Actedron and amidazophenum given 
together to the same animals, fever could be observed, but none of the 
animals died (8 animals, 0.9 ± 0.12 C°) (Fig. 13). 


40 c° 



Fig. 13 

The effect of Amidazophen and Actedron on the body temperature. 

|| ► . Amidazophenum (15 mg/ 100 g) : a 

Actedron (2 mg/ 100 g) : b 

: Amidazophenum and Actedron : c. 



Dihydroergotamine (0.8 mg/ 100 g) reduced the temperature by 
0.5 ± 0.2 C° in 8 animals. By the time it was elliminated DHE com- 
pensated the pyrogenic effect of actedron (Fig. 14). 



The effect of DHE and Actedron on the body temperature. 
. *■ : o.S mg/100 g DHE : a 

Co— v) : °'^ K DHE and 2 mg'ioo g Actedron : b 

o v ; z mg/ 100 g Actedron : c. 
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In animals, that received thyroxine, DHE didn’t cause a fall of 
temperature. The very same animals, however, when given actedron 
and DHE together, developed high fever (2.0 ± 0.6). (Out of three 
animals one remained alive.) DHE was not able to prevent the actedron 
fever in animals that were sensitized by means of thyroxine, although 
it compensated the actedron effect alone. Similar result was achieved 
with the metabolism of the animals by Issekutz & Gyermek (14) 
(Fig. 15). 



Fig. 15 

The effect of Dihydroergotamine and Actedron on the body temperature after thyroxine 
administration. 

|| ► : 0.8 mg/100 g DHE : a 



0.8 mg/100 g DHE and 2 mg/100 g Actedron : b. 


Discussion 

1) After administration of thyroxine, actedron raises the temperature 
by 3.5 C°, 1.4 C° more than without thyroxine. 

Numerous investigation have shown, that thyroxine increases the 
rate of metabolism, besides its peripherical effect, by effecting the 
subcortical centers. When these centers are either removed by ope- 
ration, or deeply narcotised, thyroxine has only a slight effect, or none 
(Issekutz and coworkers, 12). 

Thyroxine makes the subcortical centers more sensitive to sympatic 
and pyrogenic effects. Glaubach & Pick demonstrated that thyroxine 
treated animals with higher fever to the pyrogenic effect of tetrahydro- 
naftilamine and cocaine, than under usual conditions (9). Likewise 
p-metitetracor will sooner bring about cramps after thyroxine, than 
without. 

According to our investigations thyroxine has a sensitising effect on 
the heatcenter against the pyrogenic influence of actedron. The same 
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phenomen was found by Issekutz and Gyermek (14) in connection with 
metabolism. 

Thyroectomised animals react less to pyrogenic substances. Bro- 
chard (5), Pfeifer (21), Cori (7), demonstrated, that thyroectomised 
animals are more sensitive against cooling and their ability for normal 
response may be brought back by means of thyroxinising (Gergely, 8). 

Animals wich had their thyroid gland removed, or received thiouracil 
are less sensitive to heat (Pfeifer, 21, Ascher Sc Ruchti, 23, Koren- 
ciievsky, 17, Herr Sc PorszAsz, ii). 

Others (Boldyreff, 4, Liddel-Simpson, 19, Capitolo, 6, Berde, 3) 
found the contrary. Berde was not able to restore the defensive 
ability of the animals against heat, that he has found impaired after 
thyroectomy, by means of thyroxine. On the contrary, the animals 
became even more sensitive to warmth. 

In our experiments thyroxine made the animals more sensitive to 
warmth and thyroxinised animals showed higher temperatures, than 
those without it. 

The fact that some authors, among others Herr Sc Porszasz in our 
institute could not confirm, that thyroectomy increases the sensitivness 
to heat, and other hand that thyroxine raises the sensitivness of the 
animals — as found Berde too — does not agree with Mansfelds thermo- 
thirine theory (20). (He assumes, that thermothirine is a hormon of 
the thyroid gland, that protects the animals against high temperarure.) 

This part of our experiments serves a further proof of the fact, that 
thyroxine sensitises the heat center against pyrogenic and thermal 
effects. 

2) Thyroxine treated animals actedron brings about hyperpyrexy, 
fatal in 50 % of the cases. 

Phenylethilbarb., urethane, and amidazophenum save the animals 
from death, and press down the fever. The temperature level is the 
same as after actedron alone, without thyroxine treatment. 

Glaubacii & Pick (9) came to similar results : PhEB narcotism, in 
thyroxine treated animals suppressed the hyperpyrexy induced by 
tctrahydronaftilamine or cocaine. 

PhEB inhibits the sensitising effect of thyroxine by paralising the 
subcortical centers. 

Urethane narcotism in metabolism experiments affects neither the 
thyroxine attack, nor the influence of thiroxine-sensitised actedron 
Issekutz & Harangozo-Oroszi, (15), Issekutz & Gyermek, (14). It E 
well known, that urethane primally attacks the cortex and not the 
subcortical regions. We assume, that it suppressed thyroxine-nctedror. 
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hyperpyrexy by widening the blood wessels of the skin, which, in turn, 
enhanced the dissipation of heat Handowsky, (io). 

Amidazophenum intensifies heat dissipation by depressing the exci- 
tability of the heat center, thus giving protection to the animals. 

Antipyrin, Dihydroergotamine and novocaine, can not prevent high 
fever and consequently the animals die. The antipyretic effect of all 
these medicaments will be compensated by thiroxine alone, and this 
is why these drugs cannot prevent the actedron sensitising effect of 
thyroxine. Antipyrin in a quantity of 15 mg/100 g is a much less 
effective antipyretic, as amidazophenum in a same amount. This 
accounts for the different effect, although the mechanism of their 
attack is similar. 

3) Administration of thyroxine does not influence the antipyretic 
effect of urethane, slightly hinders that of PhEB and amidazophenum, 
but hampers the work of novocaine, DHE and antipyrin. Glaubach 
and Pick (9) found on rabbits and guinea pigs that thyroxine treatment 
will suppress the antipyretic effect of PhEB by 4.0 C°. Our experiment 
were carried out on rats. In all probability, this is why thyroxine had 
so little influence on the antipyretic effect of PhEB (0.5 C°). 

The novocaine inhibiting effect of thyroxine has already been des- 
cribed by Glaubach and Pick (9) and by Issekutz & KovAry (10). 
As this inhibition did not appear after cutting through the spinal chord, 
it was concluded that thyroxine acts centrally. Inhibition of DHE 
effect was dealt with by Issekutz & Gyermek (14) in their metabolism 
investigations. 

As shown, thyroxine decreases the sensitivness of the heatcenter 
against antipyretics. The different behaviour of urethane is accounted 
for by the fact that it attacks not the subcortical regions, but the cortex 
and the epidermic capillars. Gergely (8) found a similar influence of 
thyroxine upon the heat center against cold effects. 


Summary 

1) Thyroxine treatment has a sensitising influence upon the heat 
center against the pyrogenic effect of actedron and heating. In thy- 
roxine-actedron hyperpyrexy 50 % of the animals die. 

2) In thyroxinised animals urethane, amidazophenum, PhEB lessen 
the lethal effect and hyperpyrexy induced by actedron; whereas DHE, 
anti pyrin and novocaine fail to do so. 
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3) Administration of thyroxine prevents the antipyretic effect of 
novocaine, antipyrin and DHE; and lessens that of PhEB and amida- 
zophenum. The attack of urethane remains unaffected by thyroxine. 

4) Novocaine, DHE, amidazophenum and antipyrin hinder the effect 
of actedron. 

5) If actedron and PhEB, or actedron and urethane given together 
cause a collapse like drop of temperature. If one of the drugs is admi- 
nistered only when the effect of the other one has alreadv developed, 
the collapse will not appear and the PhEB effect will be dominant. 

6) Our experiments give a renewed proof of the central effect of 
thyroxine. It has been found that thyroxine sensitizes the heat center 
against pyrogenic substances and against warmth, while decreasing its 
sensitiveness against antipyretics. These results are not in accordance 
with Mansfeld’s themothirine theory. 
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DE JASSY, ROUMANIE. DIRECTEUR : PROF. DR. D. BRANI5TEANU 


SUR L 'ACTION DE L’ACIDE 

PHENYL - ETHYLS - BARBITURIQUE (LUMINAL) SUR LE 
CCEUR DE GRENOUILLE PERFUSlS (IN SITU ET ISOLfi) 


PAR 


D. BRANI§TEANU et Gh. Gh. POPOVICI 


(Travail rcpti le 28-1-1949 ). 


L’experimentation par une technique plus sensible permet de mcttre 
en evidence pour une substance donnee de nouvelles actions. Ainsi, en 
ce qui concerne Paction des sulfamides sur le cceur de grenouille, la 
plupart des chercheurs n’en decrivent qu’une action depressive. Presque 
tous perfusent le cceur isole. Quant a nous, en employant comparative- 
ment et cette technique et une autre plus sensible, nous avons trouve 
que le Cibazol a cote de son action depressive, possede aussi, en doses 
faibles, une action excitante (1). L’autre technique utilisee par nous a 
consiste dans la determination du debit cardiaque, par irrigation du 
cceur in situ, technique decrite par Bulbring ( 2). 

En partant de ces donnees, nous nous sommes proposes de chcrcher 
s’il n’etait pas possible de trouver une action excitante pour d’autres sub- 
stances, auxquelles jusqu’a present on n’attribuait qu’unc action depres- 
sive. Ainsi Ies hypnotiques, d’apres ces donnees, ne possedent sur 1c 
cceur, qu’une action depressive. Pour I’acide phenvl-ethyle-barbituriquc 
(luminal), hypnotique frequemment employe, seule cette action se 
trouve decrite. 

Impens ( 3) irriguant le cceur isole de grenouille avec une solution de 
Luminal a 0,05 %, Mezey et Staub (4) dans leurs rechcrches sur Fex- 
citabilite electrique de tranches de myocarde detachees du ventricule 
du cceur de grenouille, soumis a Faction du Luminal, Johns rov (5) 
sur le cceur isole de la tortue, Kunzoya ( 6) sur le occur isole de crentmidc, 
ont obtenu le memo resultat. 
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Dans ce qui suit, nous avons etudie, comparativement Faction du sel 
sodique de Facide phenyl-ethyle-barbiturique (Luminal sodique) sur le 
cceur de grenouille a l’aide des deux techniques suivantes : a) la technique 
de la determination du debit cardiaque par irrigation du coeur in situ, 
et b) la technique de la perfusion du cceur isole, avec inscription de 
ses contractions. 


a) Les resultats obtenus par la determination du debit cardiaque sont 
resumes dans le present tableau : 


Concentration 
du Luminal 

Variations du debit cardiaque aprfes emploi 
du Luminal 

0,01 % 

Aucune influence. 

0,0125 % 

Augmente d’abord de 8 % et diminue ensuite de 12%. 

0,015 % 

Dans 17 % des cas augmente de 17 % et revient ensuite 
a la normale; 

Dans 33 % des cas ne presente aucune modification; 
Dans 50 % des cas diminue de 20 %. 

i 

0,02 % 

1 Dans 33 % des cas augmente de 60 % et descend ensuite 
do 39 % au dessous de la normale; 

Dans 67 % des cas diminue de 55 %. 

0,025 % 

Diminue de 88 %. 


Dans le cas, oil Fon observe une augmentation du debit, la systole 
devient plus energique, le rythme plus frequent et le tonus s’accroit 
aussi. 

Dans les cas de diminution du debit, le coeur entre dans un etat de 
tonicite de plus en plus reduite, la systole faiblit progressivement et 
le rythme se ralentit. 

Apres lavage au Ringer, le debit revient a sa valeur initiale. Au cas 
oil il a ete d’abord diminue, le retour est precede par une phase qui 
depasse la valeur normale. Cette periode d’hyperexcitabilite apparait 
environ 2-6 minutes apres le commencement du lavage, se maintient 
2- s minutes, apres quoi le debit revient a la normale. Par lavage au 
Ringer, toutes les fonctions cardiaques amoindries par le Luminal se 
retablissent. 

b) Les resultats des recherches obtenus par la technique de Virrigation 
du cceur isole. 

Par l’emploi des memes concentrations, on n’observe dans tous les 
cas qu’une diminution de Famplitude de la contraction cardiaque. Cet 
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abaissement va parallelement a la concentration du Luminal. Avec 
aucune dose on n’a pu observer de phase d’augmentation de la contrac- 
tion cardiaque. Par lavage au Ringer, {’amplitude de la contraction 
revient a la normale, sans plus passer une phase d’hyperexcitabilitc, 
ce qui a lieu en utilisant la technique precedente. 

De toutes ces donnees il ressort, en premier lieu, que les resultats 
obtenus par la technique de la perfusion du coeur isole, concordent en 
tout avec ceux des autres chercheurs, qui tous ont trouve que les hvp- 
notiques et par consequent le Luminal aussi, produisent sur le coeur 
un etat depressif. 

Mais, si nous examinons les resultats obtenus par nous par la tech- 
nique de la determination du debit cardiaque, technique de beaucoup 
plus sensible, nous constatons que toutes les doses de Luminal ne 
possedent pas une action depressive. II existe une certaine dose, faible, 
qui excitante d’abord, ne devient depressive qu’ensuite. Cette dose 
excitante est en fonction de chaque coeur. 

Examinant de plus pr£s les resultats obtenus par la technique de la 
determination du debit cardiaque, nous remarquons que les concentra- 
tions depassant le taux de 0,025 %» sont toujours, des le debut, deprcs- 
sives. Quant aux concentrations moindres, on ne saurait dire avec 
precision, quelles serait pour un animal considere la dose depressive, 
quelle serait la dose excitante et quelle serait enfin celle indiffercnte. 
Cela tient k ce qu’une dose, dont la concentration se trouve etre infe- 
rieure & 0,025 %> P eut etre en m £me temps depressive pour un coeur, 
indifferente ou fneme excitante pour d’autres. La dose excitante, done, 
est en fonction de chaque coeur. 

Qu’une dose excitante existe toujours, meme dans les cas ou par 
irrigation au Luminal nous n’avons pu l’obtenir, le fait suivant le prouve. 
Par lavage au Ringer des cceurs rendus hypodynamiques par action du 
Luminal, le retour a la normale du debit cardiaque est toujours precede 
d’un phase d' augmentation. Cette phase d’augmentation du debit pour- 
rait etre interpretee comme suit : le lavage au Ringer ecartant l’cxces 
de Luminal (exces auquel la depression cardiaque est due), il ne rcsterait 
a un moment donne fixee au myocarde, que la dose excitante. Poussnnt 
plus loin le lavage, la dose excitante est aussi cnlevee et le debit revient 
it la normale. 

Et au fait que le coeur, par lavage au Ringer, revient tres facilement 
a la normale, nous pouvons encore conclure que les phenomencs produtts 
par le Luminal sur le coeur, sont tres probabiement dus a un phenomcne 
d’adsorbtion, fait admis d’aillcurs aussi par Roth (7) dans ses recherche-, 
sur I’action des barbituriques sur le cceur de mammiferes. 
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Conclusions 

fitudiant comparativement l’action du sel sodique de l’acide phenyl- 
ethyle-barbiturique (Luminal sodique) sur le cceur de grenouille, tant 
par la technique de la determination du debit cardiaque par irrigation 
in situ, que par irrigation du cceur isole, nous avons pu constater que : 

1) Le Luminal outre son action cardiaque depressive, decrite par 
tous les auteurs, possede, en dose faible, une action excitante d’abord 
et ensuite seulement depressive. 

2) L’action excitante n’a pu etre mise en evidence que par la deter- 
mination du debit cardiaque. 

3) L’influence du Luminal se manifeste sur les fonctions inotrope, 
tonotrope et chronotrope. 

4) Les modifications produites sont reversibles et serait dues a un 
phenomene d’adsorbtion, fait admis aussi par d’autres chercheurs. 
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Tetraethylpyrophosphate (TEPP) is one of the phosphate esters, used 
in Germany as insecticides. Investigations of its toxicological properties 
by Deichmann and Witherup (i) showed that TEPP, absorbed from the 
alimentary tract or through the skin, induces an acute toxic state charac- 
terized by an increase in respiratory movements, hyperexcitability, 
tremors, convulsions, dyspnea, collapse and death as a result of respi- 
ratory failure. The lethal doses of TEPP in rats and rabbits were 
found to be the half of the corresponding lethal doses of hexaethyl- 
tetraphosphate (HETP). TEPP is readily absorbed through the skin. 
When standing in an aqueous solution, it is largely hydrolysed; this 
hydrolysis results in a decrease of the toxicity of the solution. 

The anticholinesterase activity of TEPP was first reported by Dubois 
and Mangun (2,3) and further studied in detail by Bracer (4). 

Koppanyi, Karczmar and King (5) investigated the effect of TEPP 


on sympathetic ganglionic activity; they observed the very marked 
potentiation of the vasopressor action of acetylcholine in atropinized 
dogs, previously treated with TEPP. 

Ciiennels, del Castillo, Floyd, Slome and Wright (6) examined 
the action of TEPP on isolated organs in a number of species and on 
various systems in cats. They stated that TEPP may produce similar 
effects as HETP, administered in comparable doses. 

More recently, Heymans, Yerbeke et Yotava ( 7 ) showed that '1 EPP 
may inhibit almost selectively the pseudo-chojinestcrase, without 


(’) Fellow of t He Belgian National Research Foundation. 
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affecting significantly the true-cholinesterase, and without eliciting 
cholinergic symptoms. However, selective inactivation of the pseudo- 
cholinesterase by TEPP sensitized highly the organism towards acetyl- 
choline. 

The present experiments were undertaken in order to study further 
the pharmacological properties of TEPP, mainly in comparison with 
other anti-cholinesterases : di-isopropylfluorophosphonate (DFP) (8) 
and HETP (9). 


Methods 

The experiments were performed on chloralosed dogs. The blood 
pressure was recorded manometrically from the femoral artery. The 
respiration was registered by means of the pneumograph of Marey. 

The solution of TEPP ( x ) was injected intravenously and sometimes 
intra-arterially. The water solution of TEPP was freshly prepared 
immediatly before each experiment. 


Results 

1. — Effects of TEPP on blood pressure, heart rate and respiration. 

Intravenous or intra-arterial injection of very small doses of TEPP 
(0,002-0,05 mg./kg.) produces a marked but transient hypotension, a 
slight stimulation of respiration, but no change of the heart rate. Some- 
times however the hypotension may be associated with a marked tachy- 
cardia (Fig. i). 

After administration of 0,05 mg./kg. the heart is already highly 
sensitized towards acetylcholine (Fig. 2); it is also sensitized — although 
to a less pronounced degree — towards the electrical stimulation of the 
peripheral heart vagus (Fig. 3). 

Larger doses of TEPP (o, 1-0,3 rn g > /^g-) induce a very marked slowing 
of the heart, generally appearing 1 to 2 minutes after the injection of 
the drug and lasting for a long time. Section of the two cervical vagi 
has no effect on this bradycardia (Fig. 4). The same doses of TEPP 
elicit a marked bronchial constriction, resulting in asphyxia. 

The bradycardia and bronchial constriction are relieved immediatly 
by the intravenous administration of the synapticolytic substances : 
tetra-ethyl-ammonium (T.E.A.) (10-20 mg./kg.) and diethylamino-ethyl (*) 


(*) Tetraethylpyrophosphate was kindly provided by Tennessee Eastman Corporation. 
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ester of phenylcyclopentane carboxylic acid (parpanit) (3 mg./kg ) 
(Fig. 5). 

However, the subsequent injection of another dose of TEPP may 
re-induce a slowing of the heart and bronchial constriction, which can 
not more be relieved by T.E.A., but are suppressed by atropine and by 
larger doses of parpanit (5-10 mg./kg.) or diparcol (N-diethylamino- 
ethyl dibenzo-parathiazine hydrochloride) (5-10 mg./kg.) (Fig. 5 and 6). 



Fig. i 

Dog, 25 kg. Morphine-chloralosane anesthesia. 

Vagi intact. 

P.A. : systemic arterial blood pressure. 

I : intravenous injection of 0,04 mg. TEPP/kg. : fall of blood pressure and acceleration 
of the heart rate. 


Hence it appears that the bradycardia and bronchial constriction, 
caused by TEPP, are due — at the lower dosage range to the stimulation 
of the vagal synapses of the heart and the bronchial tree; larger doses 
of TEPP do stimulate also the peripheral post-synaptic vagal fibers of 
these organs. 

As to the vascular action of TEPP, it must be noted that even after 
large doses of T.E.A. and parpanit, TEPP still causes a fall of 
blood pressure. This vasodilatation is probably due to a peripheral 
vasodilator action. 
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n atropinized dogs, TEPP reinforces the vasopressor action of acetyl- 
choline After atropine, TEPP itself never causes hypertension- this 

means that TEPP docs not exert a stimulating effect on the sympathetic 
vasomotor synapses. 

The carotid sinus vasopressor reflex is unaltered after the administra- 
tion of 0,2-0, 3 mg. TEPP/kg. 



FlC. 2 

Dor, 8,5 kg. Morphinc-chloralosanc anesthesia. 

Bilateral cervical vagotomy. 

R : respiration. 

P.A. : systemic arterial blood pressure. 

I, | j : intravenous injection of 0,5 mg. acetylcholine into the normal dog. 

Between I and ’II, the animal received a total dose of 0,5 mg. TEPP, injected into the 

femoral artery. With the exception of muscular fasciculations in the hind limb concerned, 
no symptoms occurcd after this dose of TEPP. 

II, f „ ; intravenous injection of 0,5 mg. acetylcholine : very marked inhibition of the 
heart and bradycardia lasting for 5 minutes; hvperpnea and convulsions. 


2 Effect of TEPP on the central nervous system , on the neuro- 

muscular transmission and on the striated muscle. 

Large doses of TEPP (0,5 rog./kg.) produce hyperexcitabihty and 

violent convulsions of the nicotinic type. These 

after atropine (0,2-1 mg./kg.); they are also suppressed by parpamt 

diparcol, but not by T.E.A. 
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Fig. 3 

Dog, 8,5 kg. Morphine-chloralosane anesthesia. 

Bilateral cervical vagotomy. 

P.A. : systemic arterial blood pressure. 

I, from 1 to j" 2 : electrical stimulation of the peripheral end of the heart vagus nerve 
in the normal dog. 

Between I and II, the animal received a total dose of 0,5 mg. TEPP, injected into the 
femoral artery. With the exception of muscular fasciculations in the hind limb concerned, 
no symptoms occured after this dose of TEPP. 

II, from f 1 to | a : electrical stimulation of the peripheral end of the heart vagus 
nerve (same intensity as in I) : the inhibition of the heart is more marked. 

It must be noted, however, that after this dose of TEPP, the heart is much more 
sensitized to acetylcholine than it is to the electrical stimulation of the heart vagus nerve 
(compare Fig. 2 and Fig. 3). 





Fig. 4 

Dog, 9 kg. Morphine-chloralosane anesthesia. 

Vagi intact. 

P.A. : systemic arterial blood pressure. 

The figure shows the bradycardia, caused by the intravenous injection of o,r mg. 
TEPP/kg. By cutting both cervical vagi ( j ) this bradycardia remains unchanged. 
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to electrical stimulation of the sciatic nerve. Nevertheless, ve“ hrge 



Fig. s 

Dor, 8,5 kg. Morphinc-chlonilosnne anesthesia. 

Bilateral cervical vagotomy. 

U : respiration. 

P.A. : systemic arterial blood pressure. 

I, f i : intm-fcmornl injection of 0,9 mg. TEPP : very marked bradycardia and bron- 
chial constriction. 

I, | s : intravenous injection of 12 mg, tetrn-ethyl-ammonium/kg.: slowing of the heart 
and bronchospasm are immediatly relieved. 

Between I and II, another dose of 0,05 mg. TEPP/kg. is injected intravenously. 

II : after this dose of TEPP, the bradycardia and bronchospasm re-appear. 

II, j 3 : a new dose of 10 mg. tetra-ethyj-ammonium/kg. is injected: the bradycardia 
and bronchospasm persist. 

III, 1 4 : intravenous injection of 2 mg. atropine : respiration is restored and brady- 
cardia disappears. 

doses of TEPP (5 mg./kg. and more) depress the neuromuscular trans- 
mission and elicit in this way a persistent curansation. 

The intravenous or intra-arterial injection of TEPP induces muscu 
fasciculations. These fasciculations are suppressed by T.E.A., parpa 
or diparcol, but not by atropine. 
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3 - — Effects of TEPP on other physiological functions. 

TEPP may induce salivation, hyperperistaltism and spasm of the 
intestine and contraction of the urinary bladder. These symptoms may 
also be relieved by T.E.A. or, after larger doses of TEPP, by atropine, 
parpanit or diparcol. 



Fig. 6 

Dog, 25 kg. Morphine-chloralosane anesthesia. 

R : respiration. 

P.A. : systemic arterial blood pressure. 

The figure shows the bradycardia and depression of respiration, caused by the intra- 
venous injection of 0,12 mg. TEPP/kg. 

■j" : intravenous injection of 10 mg. diparcol/kg. : respiration is immediatly restored 
and the bradycardia relieved. 

4. — Protection against acute intoxication by TEPP. 

After atropine and T.E.A., very large doses of TEPP (f. ex. 3 mg./kg.) 
do not produce any symptom. T.E.A. alone does not protect the 
animal, while atropine alone induces only partial protection. 

Parpanit and diparcol (10-20 mg./kg.) protect completely the dog 
against large doses of TEPP. In one case we administered, after 20 mg. 
parpanit/kg., a total dose of 45 mg./kg. TEPP; in another case we injected 
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after 20 mg. diparcol/kg., 25 mg./kg. TEPP. With the exception of 
apnea, no symptom occured in these experiments, performed, of course, 
under artificial respiration. 


Summary 

Experiments performed on dogs showed that : 

1) T etraethylpy rophosphate (TEPP) may induce a very marked bra- 
dycardia, bronchial constriction, hyperperistaltism and salivation, which 
are due partly to stimulation of the parasympathetic synapses (small 
doses of TEPP); this synaptic stimulation is relieved by tetra-ethyl- 
ammonium (T.E.A.). The bradycardia, bronchospasm, hyperperistal- 
tism and salivation are also due to stimulation of the post-synaptic fibers 
(large doses); this stimulation is relieved by atropine, parpanit or 
diparcol. 

2) After TEPP, the heart is highly sensitized towards acetylcholine; 
it is also sensitized — although to a less pronounced degree — towards 
the electrical stimulation of the peripheral heart vagus. 

3) TEPP inactivates selectively the pseudo-cholinesterase. High doses 
also inhibit the true-cholinesterase. 

4) TEPP, even in very small doses, induces a fall of blood pressure, 
accompanied sometimes by tachycardia. This hypotension is probably 
due to a peripheral vasodilator action. 

5) In atropinized dogs, TEPP reinforces the vasopressor action of 
acetylcholine. TEPP however does not stimulate directly the sympa- 
thetic synapses. 

6) TEPP does not influence the carotid sinus vasopressor reflexes. 

7) Large doses of TEPP induce convulsions, which are abolished by 
atropine, parpanit or diparcol, but not by T.E.A. 

8) TEPP, in small doses, does not alter the neuro-muscular trans- 
mission of excitation in striated muscles. High doses paralyse neuro- 
muscular junctions. 

9) TEPP may induce muscular fasciculations, which are suppressed 
by T.E.A., parpanit or diparcol. 

10) Parpanit, diparcol or the association of atropine and T.E.A. may 
protect completely the dog against large doses of TEPP. 

11) TEPP is primarily a very strong nicotinic compound, which 
possesses also marked muscarinic properties. 
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Des recherches personnelles anterieures, qui ont deja fait I’objet de 
plusieurs publications (1, 2, 3, 4, 5), nous ont permis de constater 
Taction produite sur certains dermatophytes par diverses substances 
comme les acides gras, les essences vegetales et un bon nombre de 
leurs composants. Cependant, s’il est vrai que leur action sur des cham- 
pignons du type T. Gypseum etait notable, elle etait par contre tres 
faible sur des champignons levuriformes agents pathogenes de lesions 
cutanees super ficielles. L’interet evident que presente la decouverte 
d’une substance qui agisse sur cette categorie de parasites, nous amena 
a essayer le Gammehexane ou 666, produit qui, comme nous le yerrons 
avait montre une action nocive sur le developpement de champignons 
non pathogenes. 

Le y-hexane est le hexachlorocyclohexane, C 6 H 6 C 1 6 dont la formule 
structural est la suivante : 

La denomination de 666, sous laquelle il est connu 
commercialement, vient de ce que les atomes de 
chacun de ses composants au nombre de six. Ce 
corps presente plusieurs formes steree-isomeres 
distinctes (selon la position de leurs H et Cl dans 
l’espace). Actuellement, on connait les cinq suivan- 
tes : a, /J, y, 8 et e. Ces isomeres ont meme une 
activite toxique qui varie de l’un a l’autre. Ainsi, la dose lethale 50 
(DL 50) pour le rat serait de 1,25 gramme par Kg. pour le melange des 
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isomeres, de 1,70 pour a, de 0,19 pour y et de 1 pour 8. L’isomere /} 
n’est pas toxique. La toxicite elevee sur le rat de Pisomere y s’observe 
egalement quand on le fait agir sur des insectes. De la derive jusqu’a 
present une des principales applications du produit, qui parait etre un 
insecticide superieur au dichloro-diphenyl-trichloroethane (DDT) lui 
meme. II a donne a ce point de vue de bons resultats en clinique hu- 
maine (6) et en medecine veterinaire dans la lutte contre certains 
parasites cutanes (gale, pediculose, etc.) et meme dans la lutte anti- 
paludique (7). 

Quant a notre conception personnelle, elle est fondee sur Ies travaux 
•de Kirkwood et Phillips, et Buston, Jacobs et Goldstein, qui 
etudierent Paction du y-hexane respectivement sur le Saccharomyces 
-cerevisiae et sur le Nematospora gossypii (8, 9). 

Nos premieres recherches eurent pour but de verifier Paction du 
Gamme-hexane sur un champignon levuriforme (Candida 103 V C). 
L’experience fut realisee de la maniere suivante : 

Dans quatre tubes, contenant du milieu de Raulin a la saccharose, 
en repartit des dilutions de y-hexane en proportion telle que les concen- 
trations finales respectives dans chaque tube fussent de 1/1000, 1/2000, 
1/4000, 1/8000. Ltant donne que Ies dilutions avaient ete faites dans 
Palcool, on prepara un tube temoin contenant la quantite maxima des 
substances utilisees dans les tubes experimentaux. 

L’ensemencement fut effectue avec III gouttes d’une suspension de 
levure (Candida 103 V C). Les tubes furent laisses a la temperature du 
laboratoire. La lecture au bout de 15 jours montra une inhibition 
jusqu’a la dilution au 1/2000 inclusivement. Le tube temoin fut -{ — [ — f- 
au bout de 4 jours. Cette inhibition jusqu’aux dilutions au 1/2000 
presentait deja par elle-meme un interet considerable, etant donne 
qu’elle n’avait jamais ete obtenue avec aucun des produits essayes 
anterieurement. 

D’autre part, le probleme du mecanisme d’action de cette substance 
se posait. Cette question a provoque de grandes contreverses et pre- 
sente un interet evident du point de vue doctrinal parce qu’elle suggere 
1’hypothese que le y-hexane exerce une action anti-inositol (Slade, 10), 
hypothese qui a ete niee par d’autres chercheurs. 

Bien que nous considerions que nos recherches ne nous autorisent 
pas a conclure d’une fa?on definitive sur ce point, elles n’en sont pas 
moins interessantes comme apport experimental. 

Avant de proceder a leur exposition, nous resumerons brievement 
1’etat actuel de ce probleme. 

La simple comparaison des formules structurales du y-hexane et de 
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l’inositol permet de constater leur ressemblance puisque dans Pinositol 
il y a simplement une substitution des atomes de Cl par des oxhydriles 
(OH). Cette analogic fut d’abord signalee et mise en evidence par 
Slade. II emit l’hypothese selon laquelle le y-hexane correspondant 
exactement au meso-inositol par sa structure isomerique, son action 
pouvait etre due a un antagonisme metabolique envers ce factor biotique 
et vitaminique. L’ importance biologique du meso-inositol est parfaite- 
ment connue, puisqu’il constitue un facteur vitaminique du groupe B 2 , 
facteur lipotrope et anti-alopecique (n), et qu’il est en outre le facteur 
Bios I de la croissance de plusieurs types de levures. 

Ainsi done, l’action du y-hexane sur le meso-inositol se rattacherait 
a la conception des metabolites et antim£tabolites, doctrine qui prit 
origene dans Petude des vitamines et antivitamines et fut concretement 
developpee dans le cas bien connu des sulfamides (12). 

Une verification par des methodes chimiques de l’hypothese de Slade 
fut tentee par Docey, Coluchy et Kirkwood, mais sans resultat. En 
raison de cet echec, Kirkwood, en collaboration avec Phillips (8) 
essaya la verification par des methodes biologiques. II fit pour cela, des 
cultures de Saccharomyces cerevisiae (Souche Gebriider Mayer) dans 
le milieu de William exempt d’ inositol, et vit que les isomeres a et 
manquaient practiquement d’action, que le 8 agissait un peu, et que le 
y avait une action inhibitrice presque totale sur la croissance. Or, cette 
action antibiotique du y-hexane s’inhibait parallelement a la quantite 
de meso-inositol que l’on ajoutait au milieu jusqu’a un maximum de 
6 microgrammes. L’action des autres isomeres ne variait pas par l’addi- 
tion du meso-inositol. Un tel resultat plaide totalement en faveur de 
l’hypothese de Slade et Ton peut dire la meme chose des recherches 
de Buston, Jacobs et Goldstein (9) qui verifient cette meme action 
sur un ascomycete, le Nematospora gossypii, qui a egalement besoin 
de Meso-inositol comme facteur Bios. 

Cependant, posterieurement a ces resultats ont paru un grand nombre 
de travaux utilisant des procedes differents, et dans lesquels l’antago- 
nisme du meso-inositol et du y-hexane ne se verifie pas. Parmi les 
arguments opposes a l’hypothese de cet antagonisme figurent les sui- 
vants : B. de Meilon (13) administre 50 mgr. de y-hexane a des lapins 
de 1700 gr. et observe que les arthropodes qui sucent leur sang meurent. 
L’injection aux lapins de 10 cc. d’une solution de meso-inositol a 
5 % n’evite pas l’intoxication de ces parasites. 

R. L. Metcalf (14) constate que Pinositol ne diminue pas l’activite 
du y-hexane sur les Heliotrix haemorroidalis. Desden et Krijgsman (15) 
injectent a un insecte, le Periplaneta americana des doses egales de 
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meso-inositol et de y-hexane et trouvent que la toxicite de ce dernier 
corps n’est pas diminuee. Fromogeot et Confino (16) realisent des 
epreuves similaires avec 12 types de bacteries anaerobies et 13 d’aerobies, 
obtenant les memes resultats. 

Choix et Lacroix (17) font Pessai de la toxicite du y et du S-hexachlo- 
rocyclohexane sur les ceufs fecondes de Poursin et observent que Pinositol 
ne diminue point leurs effets. (Dans ce cas il faut signaler que l’isomere 
8 fut plus actif que le y.) 

De tous ces resultats, aucun ne peut constituer un argument contre 
Phypothese de Slade, a savoir : que le y-hexane peut agir comme anti- 
metabolite de Pinositol. En effet, ni pour les germes aerobies ou anaero- 
bies, ni pour les arthropodes, ni pour les ceufs d’oursins, il n’a ete 
demontre que Pinositol ne puisse pas etre produit par synthese, par le 
metabolisme propre de Porganisme en experience et qu’un apport 
exterieur continu soit necessaire. Le cas des ceufs d’oursins est bien 
evident. On a done confondu le concept d’antimetabolite avec celui 
d’antidote ou de contrepoison, qui ne correspond en rien a la realite. 

Nous considerons, en consequence, Phypothese de Slade comme 
conservant toute sa valeur. Elle a d’ailleurs ete confirmee par Kirkwood 
dans le cas concret des levures, seuls organismes pour lesquels il a ete 
demontre que Pinositol est le Bios I. 

Notre seconde serie d’experiences in vitro sur Paction inhibitrice du 
y-hexane sur le developpement des levures fut conduite de la maniere 
suivante : 

A un milieu nutritif purement constitue de sels mineraux on additionna 
differents sucres et on chercha a determiner lequel d’entre eux permet- 
trait un plus grand developpement desdits champignons en presence 
du y-hexane, supposant en outre que quelques uns d’entre eux seraient 
plus facilement transformables en inositol et constitueraient une pro- 
tection contre Paction du compose essaye. La recherche fut effectuee 
de la fafon suivante : 

On prepara 5 series de tubes contenant les elements mineraux de la 
solution de Raulin, auxquelles on ajoute respectivement 5 varietes de 
sucres. Chaque serie fut additionnee de dilutions de y-hexane en pro- 
portion telle que les concentrations finales allaient du 1/500 au 1/32000. 
Les tubes furent ensemences avec Candida 103 VC et laisses a la tempe- 
rature du laboratoire. Au bout de 15 jours les resultats furent les suivants ; 

Milieu de Raulin a la mannite au 2 % inhibition jusqu’au 1/4000 inclusive 

» » l’arabinose au 2 % . . . . » » 1/4000 » 

» » le galactose au 2 % . . . . » » i jzooo » 

» » le levulose au 2 % » » 1/2000 » 

» » le glucose au 2 % » » 1/2000 » 
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Chaque serie comprenait un tube temoin : la croissance du champignon 
fut constatee dans chacun d’eux. 

La possibility de transformation de la glucose en inositol et vice-versa 
«st un fait deja connu. La formule brute de ces corps est la meme. L’un 
<jst dispose en chaine fermee (cyclique) et l’autre en chaine ouverte 
avec transposition d’un H suivant le schema ci-dessous : 


/ 


HOHC 


CHO|h| 

XX 


CHOH 


HOHCX^^CHOH 

CHOH 


AhOH 

Ahoh 

Ahoh 

Ahoh 

Ah„oh 


On a verifie cette transformation chez l’animal par l’emploi des 
isotopes c’est-a-dire en incorporant du deuterium a la molecule de 
l’inositol et en le detectant ensuite dans la glucose (Stetten et De 
Witt, x8). Needham (19) demontra qu’en injectant de la glucose a des 
ceufs de poule incubes, on y trouvait plus tard une augmentation consi- 
derable du meso-inositol. Par consequent, il est possible aux levures 
d’elaborer autant d’inositol qu’il leur est necessaire a partir de la glucose 
du milieu de culture. C’est en nous fondant sur ce fait que nous fimes 
les cultures citees anterieurement. II suffit que 1’hexa-alcool mannite 
prenne une forme cyclique pour donner un type d’inositol. La levulose 
peut se transformer aisement en glucose dont elle est epimere. La 
galactose aussi, quoique moins facilement. L’arabinose ne peut se 
transformer en glucose, parcequ’elle est une pentose possedant par 
consequent un atome de carbone de moins que les hexoses cites d’abord. 
Les resultats de nos experiences montrent que la levulose et la galactose 
donnent le meme resultat que le glucose. L’arabinose, qui ne peut pas 
se transformer en glucose et qui pour cette raison ne peut etre une 
source ulterieure de meso-inositol, donne un resultat plus eleve, c’est- 
a-dire qu’elle permet au y-hexane d’agir davantage. La mannite, qui 
semblerait devoir produire de l’inositol avec le plus de facilite, donne 
le meme resultat que l’arabinose. L’interpretation de ce fait est que 
la « cyclisation », la transformation cyclique, directe des hexa-alcools 
aliphatiques, ne doit pas etre biochimiquement possible, et d’autre 
part, l’oxydation de la mannite ne donne pas, comme on sait, directement 
de la glucose mais de la mannose et de la levulose. 



GAMMAHEXANE 


33 


L’hexa-alcool qui donne de la glucose par oxydation est la sorbose, 
mais il nous a ete momentanement impossible de nous en procurer. 

II faut cependant faire ressortir que les differences entre les divers 
sucres sont tres marquees. Mais cette petite difference est un argument 
en faveur de ceci : les sucres qui peuvent se transformer en glucose, 
source possible de meso-inositoi, ne permettent qu’une action moindre 
du y-hexane. 


RiSUME 

Les experiences mettent en evidence le fait suivant : le y-hexane est 
efficace contre les levures d’inter£t dermatologique jusqu’a une dilution 
de 1/2000. 

Des essais effectues avec des milieux contenant differents sucres ont 
demontre que ceux qui peuvent se transformer le plus facilement en 
glucose diminuent l’activite du y-hexane. 
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The actions of acetylcholine upon the mammalian organism are 
extensive and diverse. In 1914, Dale (i), in a study on the pharmaco- 
logical effects of choline esters, suggested a new classification of their 
actions, which is now generally adopted : the muscarine-like and the 
nicotine-like actions. 

The muscarine-like actions of acetylcholine can be briefly summarized 
as follows : acetylcholine produces an increased secretion of the salivary, 
lacrimal and intestinal glands and also of the sweat glands; it induces 
a fall of blood pressure, due to dilatation of the vessels, slowing of the 
heart, constriction of the bronchioles and contraction of the muscular 
wall of the alimentary tract, the uterus and the urinary bladder. All these 
effects — exactly reproduced by muscarine — are due to stimulation of the 
peripheral endings of the post-ganglionic fibers of the parasympathetic 
nerves; exception must be made however for the sweat glands which 
are anatomically supplied by fibers of the sympathetic system, and also 
for the vasodilator effects, since the presence of autonomic vasodilator 
fibers in the peripheral blood vessels is still a matter of discussion. All 
these muscarine-like actions of acetylcholine are supressed by the injec- 
tion of atropine. 

The nicotine-like actions of acetylcholine are due to stimulation, 
followed by paralysis, of the autonomic ganglia of the sympathetic as (*) 


(*) ( = ) Fellows of the Belgian National Research Foundation. 
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well as of the parasympathetic system. These nicotine-like actions are 
demonstrable only when the muscarine-like actions of acetylcholine have 
been previously eliminated by atropine. In these conditions, the 
injection of large doses of acetylcholine produces a rise of blood pressure 
and very often an increase of the heart rate. These effects are abolished 
when the ganglia of the sympathetic nerves have been paralysed by 
nicotine. 

Two recently synthetized drugs are known to paralyse some parts of 
the autonomic nervous system; they are : the diethylaminoethyl ester 
of phenylcyclopentane carboxylic acid (Parpanit) and tetraethyl- 
ammonium (Etamon). 

The present report gives the results of two series of experiments, 
undertaken in order to examine the influence of Parpanit, atropine and 
Etamon upon the vasodilator and the vasopressor effects of acetyl- 
choline. 


Methods 

The experiments were performed on chloralosed dogs. The blood 
pressure was recorded manometrically from the femoral artery. The 
respiration was registered by means of the pneumograph of Marey. 
In some experiments the peripheral vasomotor reactions were recorded 
by means of the 3-manometers-method. All drugs were injected 
intravenously. 


Results 

1. — Influence of Parpanit on the Vasodepressor and the Vasopressor 
Effects of Acetylcholine. 

In their experimental study on the pharmacology of Parpanit, 
Heymans and De Vleeschhouwer (2) showed that Parpanit may 
paralyse both the synapses and the peripheral elements of the post- 
synaptic fibers of the parasympathetic and also the synapses of the 
sympathetic vasomotor system. The paralysis of these different parts 
of the autonomic system depends upon the injected doses of Parpanit. 
Thus, doses of Parpanit, ranging from 0,5 to 3 mg/kg, only paralyse 
the parasympathetic synapses ; higher doses, from 3 mg/kg, also paralyse 
the postsynaptic parasympathetic fibers. The paralysis of the sym- 
pathetic synapses is observed after the injection of still higher doses of 
parpanit, e.g. 20 to 50 mg/kg. 
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With regard to the cardiac and vascular actions of acetylcholine, 
Heymans and De Yleeschhouwer (2) observed that the cardiac slowing, 
produced by the injection of a moderate dose of acetylcholine, is suppres- 
sed by 10 mg/kg of Parpanit. In these conditions, however, acetyl- 
choline still induces a fall of blood pressure. Even after larger doses 
of Parpanit, injection of acetylcholine produces a hypotension. These 
authors never observed a reversal of the vasodilator into a vasopressor 
action of acetylcholine after Parpanit. 

The absence of the vasopressor effect of acetylcholine after high 
doses of Parpanit is definitely due to the paralysis of the sympathetic 
vasomotor synapses by this drug. Moreover, from the above mentio- 
ned data, it is evident that Parpanit does not antagonize the vasodilator 
effect of acetylcholine. In this respect, Parpanit seems to be different 
from atropine. Indeed, Reid Hunt (3) first showed that the vasodilator 
action of acetylcholine may be diminished or prevented by atropine. 
The abolishment of the vasodepressor effect of acetylcholine by atropine 
has since been generally admitted. 

In a first series of experiments the influence of Parpanit on the vaso- 
pressor and vasodilator actions of acetylcholine has been further investi- 
gated. 

It should be noted first that the dose of Parpanit, paralysing only 
the parasympathetic synapses, may vary largely in different animals. 
Moreover, it is not always possible to obtain a definite dissociation 
between the paralysis of the synapses and the paralysis of the post- 
svnaptic elements of the parasympathetic system. 

The influence of increasing doses of Parpanit upon the cardiac and 
vascular effects of acetylcholine, can be described as follows : 

In the normal dog, injection of acetylchbline induces a slowing of 
the heart and a marked vasodilatation. 

Injection of a small dose of Parpanit (3 to 5 mg/kg) completely sup- 
presses the bradycardia due to acetylcholine; the fall of blood pressure 
however is not altered by this dose of Parpanit. 

At a second stage, and after higher doses of Parpanit (8 to 15 mg/kg), 
the hypotension caused by acetylcholine, progressively diminishes until 
a certain dose of Parpanit is reached, after which the same dose of 
acetylcholine induces neither a rise nor a fall of blood pressure. At 
this moment, the vasomotor tone in the peripheral circulation of the 
dogs hind leg sometimes still shows a slight decrease, sometimes however 
a slight increase; very often a diphasic reaction is observed : a primary 
transient rise immediately followed by a slight fall of vasomotor tone. 

The same changes in the peripheral vasomotor tone may also be 




II, f 2 • intravenous injection of 3 mg acetylcholine : no bradycardia but still marked hypotension. 
Between II and III : intravenous injection of 6 mg parpanit /kg (total dose : 9 mg/kg). 

IH> 1 3 '• intravenous injection of 9 mg acetylcholine : marked hypertension. 

Between III and IV : intravenous injection of 15 mg parpanit/kg (total dose: 24 mg/kg). 

IV, f 4 : intravenous injection of 9 mg acetylcholine : slight fall of blood pressure. 
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observed at the next stage, where either the dose of Parpanit has been 
slightly increased or a larger dose of acetylcholine has been injected. 
We then may observe a marked rise of systemic blood pressure. The 
hypotensive action of acetylcholine is thus converted by Parpanit into 
a hypertensive effect. 

The final stage is observed when acetylcholine is injected after still 
higher doses of Parpanit (25 to 50 mg/kg) : we then observe again a 
fall of blood pressure by acetylcholine. It must be emphasized however 
that this final vasodilatation by acetylcholine is never as marked as the 
-one observed at the first stage, i.e. after small doses of Parpanit. 


2. — Influence of Atropine and Tetraethylammonium (Etamon) on the 
Vasodepressor and Vasopressor Effects of Acetylcholine. 

As already mentioned, atropine may suppress and even reverse the 
vasodilator action of acetylcholine (Reid Hunt, 3). The reversal of 
the hypotensive effect of acetylcholine is generally attributed to para- 
lysis ol the peripheral dilator elements by atropine. 

Acheson and Moe (4) and Boelaert (5) showed that tetraethyl- 
ammonium (Etamon) is a strong synapticolytic agent. Indeed, a dose of 
20 to 25 mg/kg of Etamon paralyses both the parasympathetic and the 
-sympathetic synapses. 

In a second series of experiments, we have studied the influence of 
atropine and Etamon on the vasopressor and vasodepressor actions of 
acetylcholine. 

The experimental results can be summarized as follows : 

A very small dose of atropine (e.g. 0,01 mg/kg) abolishes the cardiac 
slowing, produced by a moderate dose of acetylcholine, but does not 
suppress the hypotensive effect of acetylcholine. 

This hypotensive effect of acetylcholine progressively diminishes and 
finally disappears after higher doses (0,05, 0,1 to 0,2 mg/kg ) of atropine. 

A still higher dose of atropine (0,3 mg/kg) or a higher dose of acetyl- 
choline is necessary to obtain the hypertensive effect of acetylcholine. 

This hypertensive effect of acetylcholine in the atropinized dog can 
however again be converted into a hypotension by injection of Etamon 
{20 mg/kg) : this dose of Etamon readily paralyses the sympathetic 
vasomotor synapses. 

Here too it must be noted that the final hypotension, induced by 
acetylcholine after the consecutive injections of atropine and Etamon, 
is not so marked as the one observed after the first small doses of atropine. 
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Furthermore we have observed that the final hypotension, produced 
by acetylcholine after the atropine-Etamon association, cannot be altered 
any more by very large doses of atropine (e.g. 1,5 mg/kg). 


Discussion 

It has been noted that acetylcholine, when injected intravenously, 
has two quite distinct actions upon the blood pressure : its muscarine- 
like effect, which tends to cause a fall of blood pressure and which is 
peripheral in origin, and its nicotine-like effect, which tends to produce 
a rise of blood pressure, due to stimulation of the sympathetic vaso- 
motor synapses and to a release of epinephrine. It is clear that 
the final response of blood pressure to the injection of acetylcholine 
will depend upon the respective intensity of these two opposite com- 
ponents. 

Owing to the very marked vasodilator action of acetylcholine in the 
normal dog, the injection of this drug always causes a fall of blood pres- 
sure in normal conditions. 

Atropine, by paralysing the vagal and muscarinic effects, prevents 
both the slowing of the heart and the fall of blood pressure, due to 
acetylcholine. Hence, after atropine, acetylcholine can affect the blood 
pressure only by its stimulating action on the sympathetic ganglia, 
which means a rise of blood~pressure. The reversal of the hypotension 
into a hypertension suggested the suppression of the vasodilator action 
of acetylcholine by atropine. 

Our experiments shed a new light on these phenomena and their 
classical interpretation. 

It is evident that both Parpanit and atropine may abolish, to an 
important degree, the vasodilator effect of acetylcholine. In this 
manner it is possible to induce the reversal of the acetylcholine-hypo- 
tension into a hypertension, after Parpanit and atropine. 

However, the administration of high doses of Parpanit or of Etamon 
after atropine, clearly shows that the vasodilator effect of acetylcholine 
had never been completely abolished by Parpanit or atropine. Indeed, 
after paralysing the sympathetic synapses by larger doses of Parpanit 
or of Etamon after atropine, acetylcholine again produces a fall of blood 
pressure, which cannot be suppressed even by very large doses of 
Parpanit or atropine. 

This hypotension is however — as mentioned above — less marked as 
the one obtained after small doses of Parpanit or atropine. 
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Hence it appears that the vasodilatation caused by acetylcholine is 
■due to two different pharmacological mechanisms : one vasodilator 
mechanism is readily abolished by Parpanit or atropine at doses which 
suppress all muscarinic effects of acetylcholine; the other vasodilator 
effect remains unaffected by Parpanit and atropine even in very large 
doses. 

Parpanit and atropine are similar in their action upon the vasodilator 
properties of acetylcholine. 


Summary 

Experiments performed on chloralosed dogs show that : 

1) After small doses of the diethylaminoethyl ester of phenyl- 
cyclopentane carboxylic acid or Parpanit (3-5 mg/kg) the cardio-inhi- 
bitory effects of acetylcholine are suppressed; acetylcholine still induces, 
however, a marked fall of blood pressure ; after higher doses of Parpanit 
{8-15 mg/kg) this hypotension progressively diminishes and finally 
disappears. A larger dose of acetylcholine may now produce a rise 
of blood pressure. Still larger doses of Parpanit (25-50 mg/kg) again 
convert this hypertension into a hypotension, which is, however r less 
marked than the one induced by acetylcholine after small doses of 
Parpanit. 

2) Small doses of atropine (0,01 mg/kg) suppress the cardiac slowing, 
caused by acetylcholine. These doses of atropine do not suppress the 
hypotension induced by acetylcholine. Higher doses of atropine (0,05- 
o, 1-0,2 mg/kg) progressively suppress and convert the acetylcholine- 
hypotension into a hypertension. This hypertension may however be 
converted again into a hypotension, if tetraethylammonium (20 mg/kg) 
is injected. This final hypotension is not affected by high doses of 
parpanit or atropine, but is not so marked as the hypotension induced 
by acetylcholine after small doses of Parpanit or atropine. 

3) The arterial hypotension induced by acetylcholine is due to two 
mechanisms : one is abolished by Parpanit or atropine, the other is 
unaffected by these drugs, even in large doses. 

4) Parpanit and atropine are similar in their actions on the vasodilator 
properties of acetylcholine. 
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Introduction 

II y a toute une serie de substances, qui doivent leur activite biochi- 
mique en tout ou en partie a la propriete de presenter une charge 
positive ou negative portee par une grosse molecule. En ce qui concerne 
la charge negative c’est notamment Ie cas pour 1’heparine, le cephaline, 
les acides nucleiques. Les colorants basiques, (dont il existe differents 
types), la streptomycine, le sulfate de protamine, certains alcaloi'des 
doivent surement du moins en partie leur activite a leur charge positive. 
On peut concevoir la charge comroe un groupement conductophore 
amenant les grosses molecules chargees au site auquel elles pourront 
exercer leur activite. A l’existence de la charge peuvent eventuellement 
s’ajouter d’autres proprietes specifiques pour une structure determinee. 

Nous avons deja cite certains resultats dans deux breves notes preli- 
minaires (1 et 2) ( x ). Comme la plupart des experiences ont ete faites 
avec des acridines et plus specialement avec la trypaflavine, repetons 
brievement les constations experimentales a ce sujet. 

C’est principalement- a Albert, Rubbo et collaborateurs, que nous 
devons des connaissances fondamentales au sujet du mecanisme de 
l’activite antibacterienne des acridines. Nous rappelons plus speciale- 
ment ici la competition entre les ions H + et les ions acridine (3). 
McIlwain (4) et Wagner-Jaureg (5) on decrit l’antagonisme entre les 
acides nucleiques et les nucleotides d’une part et les acridines d ’autre 
part, ainsi que la formation in vitro de composes definis entre ces memes 

O Dans une de ces notes, notamment celle dans « Nature », la concentration de la 
streptomycine a ete donne en molgr., alors qu’on doit lire gr. par 1. 



ANTAGONISME IONIQUE EN CHIMIOTHERAPIE 


45 


substances. Divers auteurs (6) ont constate que les acridines, et les 
colorants basiques en general, inhibent la respiration de micro-organismes 
et possedent de ce fait, ce que nous appellerons un effet bactericide 
directe. Cette inhibition de la respiration est annulee en presence d’acide 
nucleique, de nucleotides, de cozymase (7). 

Nous avons demontre que differents cathions peuvent entrer en 
competition pour un meme substrat cellulaire, tel que les ribonucleo- 
proteides (8). Parmi ces cathions citons les colorants basiques, le sulfate 
de protamine, la quinine, la streptomycine, les cathions metalliques. 
Nous avons prouve en outre qu’en presence de cathions metalliques 
Pinhibition de la respiration des Ievures, provoquee par les colorants 
basiques est attenuee ou annulee. Silverman et Evans (9) travaillant 
sur la croissance de E. Coli ont obtenu recemment des resultats 
analogues, en demontrant que Pinhibition de cette croissance provoquee 
par Patebrine, disparait en presence de CaCl 2 et de MgCl 2 . 

Nos resultats sur la competition entre cathions sont 1’expression d’un 
antagonisme biologique. L’antagonisme a ete particulierement bien 
etudie en ce qui concerne les relations entre les metabolites et leurs 
antagonistes, qui sont des analogues au point de vue structurel. Dans 
notre cas il s’agit d’un antagonisme du a des analogies de charge : on 
peut prevoir que des cathions ne possedant aucun pouvoir inhibiteur de 
la respiration pourront annuler Paction inhibitrice d’autres cathions, qui 
eux ralentissent la respiration. Ayant prouve anterieurement Ie pouvoir 
detoxifiant des cathions metalliques, nous etudierons ici ce meme pouvoir 
pour la spermine et accessoirement pour la streptomycine ( 1 ). En 
somme les phenomenes que nous decrirons se reduisent a un echange 
de cathions, dont les uns (acridines, blue de methylene, etc.) inhibent 
la respiration et les autres (spermine, streptomycine etc.) pas. 


Resultats experimentaux 

Tous nos resultats ont ete obtenus au moyen de la methode de 
Warburg. Toutes les experiences ont ete faites a 28° C et avec des 
Ievures de boulangerie de la firme « Levure Royale » de Bruges. 

Les godets de Warburg contenaient invariablement 2 ml de liquide, 
dont 1 ml d’une suspension de levure a 1 % dans KH 2 P0 4 M/20 et 
0,1 ml de glucose 10 %. Les 0,9 ml restant contenaient les inhibiteurs 
et les substances detoxifiantes. 

C 1 ) Ne disposant que du produit a usage clinique, c’est a dire sans garantie de purete 
chimique, nous avons limite volontairement nos experiences avec la streptomycine. 
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Les resultats sont exprimes en pd d’oxygene par heure. Nous avons 
employe de la streptomycine Squibb sous la forme du chlorhydrate. 


i. — Experiences avec la trypaflavine comme inhibiteur. 


a) Influence de la spermine. 


Controle 

Spermine a 
concentr. 
indiquee 

Trypaflavine 

5.io" 4 M 

! Trypaflavine s.io' 4 M 

1 + spermine a concentr. 
i indiquee 

271 

i.io' 2 M 265 

75 

i.io" 2 M 

242 

271 

i i.io" 2 M 265 

75 

2.IO‘ 3 M 

264 

219 

2.IO" 3 M 232 

9 i 

2.IO' 3 M 

213 

219 

— 

9 i 

4.io' 4 M 

201 

219 

4.io‘ 4 M 218 

102 

4.io' 4 M 

228 

219 

i 4.io' 4 M 218 

102 

8.io' 5 M 

155 

229 

i.io' 2 M 233 

86 

i.io‘ 2 M 

236 


b) Influence de la streptomycine. 


Controle 

Streptomycine 
a concentr. 
indiquee 

Trypaflavine 

5.io‘ 4 M 

1 

Trypaflavine s.io' 4 M 
+ streptomycine a 
concentr. donnee 

233 

2,5. io' 3 236 

62 

2,5. io' 3 97 

260 

1,25. io' 2 241 

65 

i ,25. io ' 2 188 

273 

— 

117 

6,25. IO ' 3 202 

273 

— 

117 

2,5. io' 3 143 


c) Influence de V agmatine et de I’arcame. 


Controle 

Trypaflavine 

Trypaflavine 5.io‘ 4 M 

Trypaflavine 5.io' 4 M 


5.io' 4 M 

+ agmatine 2,5. io' 3 

+ arcaine i,25' 3 

273 

117 

153 

157 


d) Influence de la cadaverine. 


Controle 

Trypaflavine 

Cadaverine 

Trypaflavine s.io' 4 M 

• 

5.io' 4 M 

2,5. IO' 3 

+ cadaverine 2,5. io' 3 

233 

7 ° 

234 

135 

222 

62 

216 

120 
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e) Influence du bleu de methylene. 


Controle 

Bleu de methylene 
a concentr. indiquee 

Trypaflavine 

5.xo" 4 M 

Trypaflavine s.xo‘ 4 M 
+ blue de methylene 
a concentr. indiquee 

273 

5.xo‘ 4 M 216 

i 

122 

80 

252 

x,25.io' 4 M 240 

96 

65 

f) Influence de la quinine. 



Controle 

Quinine 

Trypaflavine 

Trypaflavine s.io‘ 4 M 


2,5. xo- 3 

5.io' 4 M 

+ quinine 2,5. xo' 3 

218 

128 

70 

53 

Considerations sur les resultats obtenus avec 

la trypaflavine comme 


inhibiteur. 

Nous constatons que certaines substances basiques, meme a des 
concentrations elevees, n’inhibent pas la respiration des levures. C’est 
le cas pour la spermine, la streptomycine, l’agmatine, l’arcame, la cada- 
verine. Toutes ces substances annulent soit totalement, soit partiellement 
1’inhibition de la respiration produite par la trypaflavine. 

D’autres substances basiques inhibent la respiration des levures. C’est 
le cas pour le blue de methylene et la quinine. Les inhibitions produites 
s’ajoutent dans ce cas. II est particulierement interessant de constater 
que le bleu de methylene a une concentration a laquelle il n’inhibe pas, 
ne produit aucune detoxification, mais au contraire aggrave l’inhibition. 
Ceci indique que l’inhibition du bleu de methylene et celle par la 
trypaflavine sont dues a un meme mecanisme. 


2 . — Experiences avec le bleu de methylene comme inhibiteur. 


a) Influence de la spermine. 


Spermine a concentr. 
indiquee 

Bleu de methylene 
i.io' 3 M 

Bleu de methylene 1 . xo' 3 M 
+ spermine a concentr. indiquee 

i.xo" 2 M 208 

81 

x.io'^M 

196 

x.xo' 3 M 236 

76 

r.io* 3 M 

243 

2.io' 4 M 246 

84 

2.IO' 4 M 

18S 
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b) Influence de la streptomycine. 


Streptomycine a cone. 

j Blue de methylene 

Bleu de methylene i.io' 3 M 

indiquee 

i.io' 3 M 

+ streptomycine a concentr. 
indiquee 

I.IO" 2 

230 

62 ! 

1.10' 2 214 

I.IO' 2 

241 

71 

1.10' 2 239 


3 . — Experiences avec le sulfate de protamine comme inhibiteur. 


Influence de la spermine. 


Dans ces experiences les levures etaient suspendues dans de l’eau distillee. 


Spermine a concentr. 

Protamine 

Protamine 2.10' 4 + spermine 

indiquee 

2.10' 4 

a concentr. indiquee 

i.io' 2 M 243 

162 

i.io' 2 M 252 

i.io' 3 M 226 

141 

i.io‘ 3 M 202 


4 . — Experiences avec le violet de cristal. 


Influence de la spermine. 


Spermine a concentr. 

1 

Violet de cristal 

Violet de cristal i.io' 4 M 

indiquee 

i.io' 4 M 

+ spermine a concentr. indique 

i.io' 2 M 219 | 

67 

i.io‘ 2 M 192 

i.io' 3 M 234 1 

i 

81 

i.io‘ 3 M 153 


5 . — Experiences avec la quinine. 


Influence de la spermine. 


Controle 

Quinine 1/400 

Quinine 1/400 -f- spermine a 

. 


concentr. indiquee 

242 

108 

8.io" 3 M 232 

256 

1 

1 2 1 

i,6.io‘ 3 M 186 
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Discussion 

Nous avons demontre que la spermine, et accessoirement la strepto- 
mycine, sont a meme d’annuler Finhibition de la respiration des levures 
que provoquent la trypaflavine, le bleu de methylene, le violet de cristal, 
le sulfate de protamine et la quinine. Nous admettons que les cathions 
streptomycine et spermine non toxiques pour cette respiration entrent 
en competition avec les cathions toxiques trypaflavine, bleu de methylene, 
violet de cristal, sulfate de protamine et chinine pour un meme siege a 
charge negative. 

La question se pose toutefois pourquoi les colorants basiques par 
exemple sont des inhibiteurs, alors que la streptomycine et la spermine 
ne le sont pas. Nous ne pouvons donner une reponse precise a cette 
question en ce moment. Notons en passant que la m£me question se 
pose dans les antagonismes par analogie structurelle : on comprend tres 
bien que la pyrithiamine par exemple deplace la thiamine, mais on ne 
salt pas pourquoi la pyrithiamine ne puisse pas remplacer la thiamine 
en ce qui concerne les fonctions catalytiques. 

Dans les antagonismes biologiques en tout cas, il faut tenir compte : 

1) de Panalogie structurelle; 

2) de l’analogie de la charge, laquelle est a la base des phenomenes 
de Pechange de cathions et donne lieu a Pantagomsme ionique. 

Nos resultats sont a rapprocher de ceux de Silverman et Evans (10), 
qui en etudiant Finhibition de la croissance de E. Coli par Patebrine 
ont constate le pouvoir detoxifiant de certaines polyamines, et de ceux 
de Snell (ii), sur le pouvoir detoxifiant de polyamines vis-a-vis de 
la propamidine. 


Resume 

L’inhibition de la respiration des levures provoquee par la trypaflavine, 
le bleu de methylene, le violet de cristal, le sulfate de protamine et la 
quinine est annulee par Paddition de spermine et, dans les cas etudies, 
par la streptomycine. II est donne une discussion sur la signification 
de ces resultats et Pimportance de la charge est soulignee. 
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Summary 

The inhibition of the respiration of yeast caused by trypaflavine,. 
methylene blue, crystal violet, protamine sulfate and chinine disappears 
by addition to the medium of spermin and in the cases which have 
been examined also by streptomycin, agmatine, arcaine and cadaverine. 

The significane of these results and the importance of the charge of 
these basic substances is discussed. It is proposed to call the observed 
facts as due to “ ion antagonism”. 

Te remercie Madame J. Wuyts pour 1’aide materielle au cours de ces experiences. 
Mes remerciments vont egalement a la Ella Sachs Plotz Foundation pour son appui 
financier et a la Firme HofFmann-Laroche de Bale pour avoir mis a ma disposition de 
la spermine. 
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Introduction 

Fisher and Stern (i), Omsbee and Fisher (2), and Fisher and 
Henry (3) observed that cell division and respiration were affected 
independently by various concentrations of urethane, since cell division 
was arrested by narcotic concentrations which did not alter respiration 
seriously. Burris and Wilson (4) found that dinitrophenol inhibited 
the assimilation of glucose by the root nodule bacterium while it did 
not affect respiration. This finding is in accordance with the previous 
work of Clifton and Logan (5) who observed that glucose assimilation 
is more sensitive to inhibitors (sodium azide or dinitrophenol) than 
oxygen uptake. In luminous bacteria narcotics inhibited assimilation 
prior to respiration; moreover respiration was even increased by these 
concentrations of narcotics as reported by McElroy (6). These examples 
[see further references in McElroy’s review (7)] suggested that synthetic 
energy-consuming reactions of living systems appear to be more sen- 
sitive to certain inhibitors than the energy-yielding oxidation. 

In order to study the narcotic sensitivity of a synthetic reaction in 
vivo, we chose the highly active liver tissue of the rat in which all the 
necessary factors for optimal tissue function are readily available. The 
comparison of these results with those obtained in isolated systems 
remains to be further investigated. 

(*) Aided by a grant from the Office of Naval Research N6ORI-20, Task Order 11. 

A preliminary report was presented before the American Society for Pharmacology 
and Experimental Therapeutics in April 1949. 
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Materials and Methods 

The effect of morphine, urethane, and phenobarbital on the glycogen 
formation in the rat liver was determined under experimental conditions 
similar to those recently reported by Kun (8). Under these conditions 
the rate of glycogen deposition in the rat liver was found to approach 
a maximum five hours after glucose administration ; therefore, this time 
interval between glucose administration and glycogen measurement was 
chosen. The drugs were given one hour before glucose, feeding. 
Morphine was injected subcutaneously while urethane and phenobar- 
bital were given intrap eritoneally. All the drugs were dissolved in a 
small volume of isotonic saline. Care was taken so that the largest 
volume injected did not exceed about 2.5 ml. This amount of saline 
has no detectable effect on liver glycogen. 

In experiments where labile compounds are being determined in 
animal tissues special care has to be taken during the removal of tissue 
samples. One has to realize that the quantitative distribution of 
metabolites is always affected by the trauma which is inevitable in such 
cases. This is especially true of contractile tissues. Relatively constant 
experimental conditions can be brought about if the whole animal is 
frozen in liquid air or nitrogen as described by Le Page (9, 10). Even 
under such conditions it takes about 40 seconds until the whole rat 
is completely frozen (9). Since in these experiments our interest was 
focused on the analysis of the liver only, after various attempts we came 
to the conclusion that it was not necessary to freeze the whole animal, 
for the removal and freezing of a liver sample can be carried out with 
proper assistance in 15 to 30 seconds. A sudden blow on the skull of 
a rat completely paralyzes it for 20 to 30 seconds after which time violent 
convulsions occur. These few seconds before the onset of convulsions 
permit the removal of a liver sample, whereupon it is immediately 
frozen in dry ice, homogenized and extracted with ice cold trichloro- 
acetic acid. The analytical procedure employed in the estimation of 
carbohydrate intermediates was carried out according to the methods 
outlined by Le Page (9) and Umbreit (ii). Pyruvic acid was deter- 
mined by the method of Friedemann and Haugen (12), lactic acid 
according to Barker and Summerson (13), and phosphopyruvic acid 
as described by Lohmann and Meyerhof (14). The reducing values 
were measured by the method of Folin and Malmros (15) and phos- 
phorus analysis carried out according to Fiske and Subbarow (16). 
Fructose was determined by the method of Roe (17), pentose by the 
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orcinol procedure of Meibaum (18), the latter reaction being carried out 
for 20 minutes in a boiling water bath. Ribose was used as pentose 
standard. The acid insoluble fractions, such as nucleic acid, lipoid 
and protein phosphorus were determined according to Schneider (19). 
The following intermediates were determined : adenosinetriphosphate 
(ATP), adenosinediphosphate (ADP), hexosediphosphate (HDP), glucose 
1 -phosphate, glucose-6-phosphate, triose phosphates, phosphopyruvic, 
pyruvic and lactic acids, pentose phosphate, and glycogen. Each 
determination was carried out in duplicate. The results were expressed 
in micrograms per gram of tissue. 


Results 

It was established in preliminary studies that a normal male white 
rat, weighing between 380 and 350 gm., synthesized 35 to 41 mg of 
glycogen/gm. liver tissue in 5 hours after 48 hours starvation if 3 ml 
of concentrated glucose solution were given by stomach tube. The 
degree of glycogen synthesis was found to be quite constant indicating 
that the glucose as substrate was present in excess and that the metabolic 
pattern of the animals was uniform. In the first series of experiments 
the effect of various amounts of drugs was determined on the glycogen 
deposition in the rat liver. Three groups of rats received varying 
amounts of morphine, urethane, and sodium phenobarbital one hcur 
before glucose administration. Results are presented in fig. 1 where 
at least three animals were used in establishing one experimental point. 
Five hours after glucose administration the animals were sacrified and 
the liver glycogen determined. With each series of animals controls 
receiving only glucose and only the drug but no glucose were kept 
under the same conditions. The control starving animals with or 
without the drugs contained an equally low amount of liver glycogen, 
varying between 400 and 500 ug/gm. indicating that the narcotics had 
no effect on the starving glycogen level of the rat liver. If, however, 
glucose was given to the animals which received drugs, an increasing 
dose of narcotic produced an increasing inhibition of glycogen deposi- 
tion. The most striking effect was elicited by morphine which in a 
dose of 10 mgm/kgm caused a 90 % inhibition of glycogen synthesis, 
while larger doses completely blocked the glycogen deposition. Similar 
results were obtained -with urethane. This drug, however, is much 
less potent if we consider that 10 times the amount was injected. Pheno- 
barbital in the same dose as was used in the case of morphine produced 
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the least inhibition, although 5 mgm/kgm phenobarbital had some 
inhibitory effect. It is of interest to compare the pharmacological 
action of these drugs with their inhibitory action. In this respect 
urethane is quite unique in that doses up to 600 to 700 mgm/kgm have 
very little or no narcotic action on the rat. Doses above this range 
cause some narcosis, but surgical anesthesia was only brought about 
by the highest dose employed. The narcotic range of phenobarbital 
was found to be quite narrow (approximately 80 to 100 mgm/kgm). 
Below this dose phenobarbital also exhibited an inhibitory effect which 
was less than that of the other drugs. Larger doses of phenobarbital 
were frequently lethal; therefore, we did not include these data. On 
the other hand very little or no glycogen could be detected in those 
rats surviving the five hour experimental period with a dose of 120 to 
150 mgm/kgm phenobarbital, indicating that a complete inhibition can 
be achieved by larger toxic doses. 

Morphine in low doses had little apparent effect on rats while higher 
doses produced a characteristic catatonia-like muscular rigidity and lack 
of spontaneous motility. Since morphine has a well-known inhibitory 
effect on the motility of and passage through the gastro-intestinal tract, 
we investigated whether or not this local effect was responsible for the 
observed inhibition of glycogen deposition. A series of animals were 
given x.o gm glucose/kgm intraperitoneally every hour for five hours. 
Morphine caused the same inhibition of liver glycogen deposition as in 
animals fed by stomach tube, indicating that the inhibition is due to a 
metabolic effect of the drug. 

In the second series of experiments, tissue fractionations were per- 
formed on livers of starving and glucose-fed rats and the effect of the 
drugs determined on both groups. The results are summarized in 
fig. 2, where each column represents the average of 3 or 4 animals. 
Two parallel samples of each liver, weighing 0.8 to 1.5 gm, were simul- 
taneously fractionated. The individual differences between animals 
were not greater than 20 % of the means. 

We studied the effect of the highest doses of the drugs which in the 
previous experiments did not prove to be lethal in the course of the 
usual experimental period. These doses were 100 mgm/kgm morphine 
sulfate, 100 mgm/kgm phenobarbital and 1 gm/kg urethane. As 
mentioned previously phenobarbital and urethane produced surgical 
anesthesia while the morphinized rats were catatonic and did not react 
to otherwise painful stimuli. 

As a general rule it could be ascertained that the three drugs studied 
had a much more pronounced effect on the concentration of intermediate 
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metabolites in the glucose fed animals than in the starving ones. Since 
the liver glycogen level of starving animals was not affected by the 
drugs, these results were not surprising. These observations fall in 
line with the findings of Le Page (9, 10) who observed that 50 mgm/kgm 
phenobarbital had no effect on carbohydrate intermediates but rather 
preserved a situation, probably closer to the physiological state of tissues 



as indicated by the higher ATP and phosphocreatine content. It 
must be pointed out, however, that Le Page analyzed his .animals only 
three minutes after the injection of pentobarbital, while it was found 
in our laboratory that continuous injection of pentobarbital, sufficient 
to cause narcosis for five hours, inhibited glycogen deposition in the 
liver similar to phenobarbital. 

Detailed analysis of the data revealed the following results : Morphine 
had the most conspicuous effects. In starving animals there was some 
increase in ADP while phosphopyruvic and lactic acid increased mar- 
kedly. An increase in ATP and lactic acids was observed in glucose 
fed animals, while phosphocreatine was markedly lower than in the 
normal glucose-fed animals. In glucose fed morphinized animals as 
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well as in starving ones only traces of hexosemonophosphates were 
found, and hexosediphosphate, triose phosphate, and pyruvate were also 
below the controls. Pentose phosphate was low in the morphinized 
animals. Urethane and phenobarbital had somewhat similar effects. 
There was little ATP in the livers of both, groups while the ADP was 
higher, varying in the same range as in the controls. The behavior 
of liver phosphocreatine was the reverse of that in the controls, i.e. 
there was a high phosphocreatine content in starving animals while in 
the glucose fed ones a marked decrease occurred. Penthose phosphates 
were lower in both groups as compared to the normals, but this decrease 
can be considered significant only in the urethane animals. In the 
glucose fed animals the glucose 6-phosphate was somewhat increased. 
Hexose diphosphate was significantly elevated by urethane in glucose 
fed animals, while in those animals receiving phenobarbital the opposite 
effect was observed. Pyruvic acid was increased, while lactic acid was 
not markedly affected by urethane. In the phenobarbital treated and 
glucose fed. animals a marked increase in lactic acid was found. In 
both urethane and phenobarbital groups only traces of liver phospho- 
pyruvate could be detected. 

Since these metabolites represent the bulk of tissue carbohydrates, it 
was possible to determine the effect of the drugs on the total carbo- 
hydrate balance in the liver of the starved and glucose fed animals. 
In tables I and II the carbohydrate intermediates were converted into 

Table I 

The effect of three drugs on carbohydrate balance in starving animals in terms of glucose 

equivalents mgm/gm 

(Animals sacrificed six hours after drug administration) 



Normal 

Morphine 
100 mgm/kgm 

Urethane 

1 gm/kgm 

Phenobarbital 
100 mgm/kgm 

Glycogen 

o- 47 S 

0.540 

0.465 

0.500 

Glucose 1 P 0 4 

0.059 

0.000 

0.046 

0-035 

Glucose 6-FO4 

1.060 

0.000 

1.050 

1.070 

Fructose 6-PO4 

0.120 

0.000 

0.038 

0.029 

Fructose i, 6 -P 0 4 

O.085 

0.025 

0.194 

0.154 

Triose-PC>4 

0.062 

0.024 

0.039 

0.220 

Phosphopyruvic acid 

0.068 

0.470 

0.000 

0.000 

Pyruvic acid 

0.005 

O.ooi 

0.008 

0.013 

Lactic acid 

0.020 

0.100 

0.025 

0.050 

Total 

1.924 

1. 180 

1.865 

2.071 

% Decrease of total 
carbohydrates 


39 

3 

O 
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glucose equivalents. In starving animals (Table I) only morphine had 
a significant effect (41 %. decrease) on tissue carbohydrates, while 
urethane decreased them only slightly (18 %) and phenobarbital 
had no measurable effect. On the other hand, in glucose fed rats a 
marked reduction of tissue carbohydrates occurred in the narcotized 
animals (Table II). 

Table II 


The effect of three drugs on carbohydrate balance in glucose-fed animals in terms of glucose 

equivalents mgmjgm 

(Animals sacrificed six hours after drug administration) 



Normal 

Morphine 
100 mgm/kgm 

Urethane 
i gm/kgm 

Phenobarbital 
100 mgm/kgm 

Glycogen 

39.000 

0-355 

1. 100 

16.000 

Glucose 1-PO4 

0.059 

0.000 

0.642 

0.029 

Glucose 6 -P 0 4 

1.020 

0.000 

1.840 

1.560 

Fructose 6 -P 0 4 

0.120 

0.000 

0.065 

O.IIO 

Fructose i, 6 -P 0 4 

0.093 

0.040 

0.120 

0.200 

Triose-P 0 4 

0.064 

0.024 

0.220 

0.118 

Phosphopyruvic acid 

0.000 

0.160 

0.000 

0.000 

Pyruvic acid 

0.005 

0.003 1 

0.125 

0.014 

Lactic acid 

0.074 

0.250 

0.045 

0.150 

Total 

40-435 

0.832 

3-557 

18.281 

% Decrease of total 





carbohydrates 


98 

9 i 
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It is well known that during the synthesis of tissue carbohydrates a 
decrease of free phosphate occurs. Since during the tissue fractionation 
the inorganic phosphorus (calcium precipitable) is actually determined, 
the over all esterification can be calculated (Table III). While in 


Table III 

Over all phosphorylation in rat liver during five hour glycogen synthesis following glucose 
(Animals sacrificed 6 hours after drug administration) 


Drug 

Starving 

Glucose Fed 

Per Cent 
Esterification 

Normal 

270 

0-10 

+ 99-100 

Morphine 

290 

310 

-7 

Urethane 

1 

301 

37 ° 

-28 

Phenobarbital 

202 

1 

210 

! 

-4 

1 i 

1 . : 


Results are expressed in terms of micrograms of inorganic phosphorus per gm of li' er, 
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normal glucose fed rat livers the inorganic P is completely esterified 
during five hour periods of glycogen synthesis, no esterification occurs 
in the drug treated animals. Moreover, there was a 28 % increase of 
inorganic P in the urethane treated rats. Since these data actually 
represent an equilibrium at the time of the analysis, it cannot be ascer- 
tained whether or not this behavior of inorganic P is due primarily to 




EFFECT OF MORPHINE URETHANE AND 
PHENOBARB1TAI ON THE CARBOHYDRATE 
INTERMEDIATES OF THE R AT LIVER 
DURING GLYCOGEN SYNTHESIS 
FROM GLUCOSE 





T'/flr* 



Morphine (lOC-^n/Kg), UretKjnetl^/K^) 
and PNsnobarhtal (COmgm/Kgm) were mjec*ed 
ihour before glucoie adrurtjfraron RaU were 
sacrificed Slcurj alter glucose 


Fig. 2 


an increased breakdown or inhibition of esterification. It remains to 
be further investigated which of these mechanisms is the primary factor 
involved. 

On a separate group of animals the effect of the drugs on the acid 
insoluble tissue fractions was determined. The information which 
could be expected from these analyses was of particular interest, since 
the acid insoluble fractions represent structurally as well as functionally 
important cell constituents. A marked decrease in lipid and nucleo- 
protein P could be observed as a result of the action of all three drugs 
studied (Table IV). 
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Table IV 


The effect of the three drugs on the acid insoluble phosphorus 
(mg P/gm tissue) 

(Animals sacrificed 6 hours after drug administration) 



Lipi 

Phospl 

id P 
lolipid 

1 

Nucleid Acid 

P 

l 

Phosphx 

I 

^protein 

) 


Starved 

Glucose 

s 

s 

1 

G 

S 

G 

Normal 

n 

0.90 



0.380 

0.120 

Morphine 

ioo mgm/kgm 

0.097 

0.195 

j 

0.169 

O 

GO 

00 

0.244 

0.122 

Urethane x gm/kgm 

0.190 

0.162 

0.102 

0.225 

0.126 

0.220 

Phenobarbital 
ioo mgm/kgm 

0.075 

0.108 

0.202 

0.263 

1 

0.104 

1 

0.102 


S — starving G — glucose fed 


Conclusions 

On the basis of experiments presented in this paper, it can be stated 
that urethane, morphine, and phenobarbital inhibit the synthesis of 
liver glycogen in the intact animal. Since the deposition of glycogen 
in mammalian tissues can be regarded as a process biochemically similar 
to the glucose assimilation in lower organisms, the inhibition of glycogen 
synthesis in the rat liver is biologically comparable to the inhibition of 
assimilation. The inhibition of glycogen deposition was demonstrable 
with doses of narcotics too small to exert their typical pharmacologic 
action. These observations might have clinical and toxicological 
interest, since they suggest a lack of carbohydrate utilization due to 
the effects of these drugs. Since the quantitative distribution of inter- 
mediate metabolites was different depending on the drug used, it can 
be assumed that each drug has its specific mode of action in spite of the 
fact that their pharmacologic effect might be similar. 

How far the specific biochemical action of these drugs can be corre- 
lated with their analgesic or narcotic effect remains to be further investi- 
gated. It is of special interest that the resting liver metabolism of the 
starved animals was generally little affected by morphine, urethane, 
and phenobarbital while their effect became greatly apparent during 
the active synthetic process of glycogen deposition. 
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Summary 

1) Morphine, urethane and phenobarbital injected one hour before 
glucose administration by stomach tube inhibit the glycogen formation 
in the rat liver. The degree of inhibition is a function of the amount 
of drug. 

2) The quantitative distribution of carbohydrate intermediates during 
glycogen synthesis differs in each group of animals, depending on the 
drug, suggesting that the biochemical action of the drugs on metabolic 
reactions is different. 

3) All three drugs tested cause a marked decrease in the acid insoluble 
nucleic acid and phospholipid phosphorus of the rat livers. 


ZUSAMMENFASSUNG 

1) Die Glycogensynthese in der Rattenleber aus Glukose wird durch Morphin, Urethan 
und Phenobarbital gehemmt, wenn diese Substanzen eine Stunde bevor Glukosefutterung 
parenteral dargereicht werden. Die Grosse der Hemmung ist von der Dose der genannter 
Substanzen abhangig. 

2) Die quantitative Verteilung der intermedieren Kohlenhydratstoffwechselprodukte 
ist in alien drei experimentellen Gruppen verschieden. Dieses Resultat fiiihrt zur Schluss- 
folgerung dass Morphin Urethan und Phenobarbital je eine molekularspezifische 
biochemische Wirkung haben. 

3) Alle drei Substanzen haben eine ausgepragte Wirkung auf den Saureunlosbaren 
Nucleotid und Phospholipid Phosphorgehalt der Rattenleber, indem sie eine betrachtliche 
Abnahme hervorrufen. 

* 

# * 

Acknowledgement : The authors wish to express their thanks to Dr. J. M. Coon for 
his helpful criticism of this paper. 
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LEITER : PROF. DR. F. EICHHOLTZ 


EINE EINFACHE METHODE DER MYOGRAPHIE 
UND DEREN ANWENDUNG 


VON 


F. EICHHOLTZ, R. HOTOVY u. H. ERDNISS 


(Eingegangett am 22-2-1949/. 


Durch die Synthese neuer, auf die quergestreifte Muskulatur wirk- 
samer Korper, wie z.B. von Parpanit und Myanesin, wurde die Frage 
dringend, ob durch einfache Versuchsanordnung am intakten Versuchs- 
tier eine pharmakologische Auswertung und Differenzierung solcher 
Stoffe durchgefiihrt werden kann. Zur Registrierung der Muskel- 
leistung an der Ratte dienten bisher die Verfahren von Everse-De 
Fremery (i), Ingle ( 2 ), Voegtli ( 3 ). Das dort angewandte Prinzip 
besteht in elektrischer Reizung des N. ischiadicus mit Registrierung 
der Kontraktion des M. gastrocnemius. Diese Verfahren wurden haupt- 
sachlich zur Testierung der NN-Rindeninsuffizienz herangezogen. 
Andere grobere Methoden, die einen Leistungswert der quergestreiften 
Muskulatur geben, sind der Schwimm- und Lauftest. Im Folgenden 
sei eine Versuchsanordnung dargestellt, die mit einfachsten technischen 
Mitteln und ohne operative Eingriffe am gleichen Tier wiederholt eine 
pharmakologische Priifung muskelwirksamer Stoffe ermoglicht. 


Methodik 

Eine Ratte im Gewicht zvvischen 120-250 g wird mit 1,5 ccm einer 
frisch angesetzten 3 %igen Avertinlosung/ioo g Ratte subcutan inji- 
ziert. Nach Einschlafen des Tieres werden in 2 Schwanzvenen Kaniilen 
(Nr. 18 oder 20) eingebunden und mit einem Stopsel verschlossen, 
nachdem die Durchgangigkeit der Kaniilen und Venen durch Injektion 
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von physiol. Kochsalzlosung gepriift wurde. Dann wird die Ratte auf 
dem Brett, das an den beiden Langsseiten je 2 schrage, 3 mm breite 
und 6-8 cm lange Schlitze aufweist, mittels vier 1 cm breiten Gummi- 
schlaufen (von einem alten Fahrradschlauch stammend) an den 
Beinen fixiert (Abb. i). Die Gummischlaufen werden dabei durch die 



OBERKIEFERHALTER 
PRAHTSCHlINGE FOR PEN 

unterkiefer 

kopfhalter 



Abb. x 


Schlitze gefiihrt und mit Patentwascheklammern unterhalb des Brettes 
festgeklemmt. Der Schwanz mit den beiden eingebundenen Kaniilen 
ruht ebenfalls auf dem Brett. Zur Fixierung des Kopfes am Brett 
dienen 2 Drahtstifte beiderseits des Halses, die oben auseinander- 
weichen und iiber die ein Gummiring gestiilpt wird. Die oberen Nage- 
zahne werden mittels einer Drahtschlinge nach oben gehalten, die durch 
einen am Brett befestigten Biigel unterstiitzt wird; an den unteren 
Nagezahnen wird die Drahtose des 15 cm langen und 0,9 mm starken, 
starren Verbindungsdrahtes zum Schreibhebel angebracht. Damit die 
Drahtose beim Federn nicht aushakt, wird ein kurzer Gummischlauc 
nach Einlegen der Ose iiber die beiden Nagezahne gestiilpt. Das her 
setzungsverhaltnis der Ausschlage durch den Hebei betrug 1 . 10 ei 
einer Belastung im Durchschnitt von 50-60 g. Die Ratte wird von o en 
her elektrisch gewarmt. Die Massetermuskulatur vard jede e UI | 
entweder durch Kondensatorenentladung oder durch gleich star x n 
duktionsstromstosse iiber Nadelelektroden gereizt. ahren 
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suches muss Avertin nachgespritzt werden, sobald spontane Bewegungen 
des Masseters auftreten. 

Die Avertinlosung muss fiir die weiteren Injektionen im Thermos- 
taten gehalten werden, um das Ausfallen des Tribromathylalkohols zu 
verhindern. Bei einzelnen Tieren ist eine brauchbare Narkosetiefe 
nicht zu erzielen gewesen. 


Beispiele zur Anwendung dieser Methode 


i . — Die Wirkung der Leuchtgas- und Stickoxyduler stickling auf die 
Muskeltatigkeit des M. masseter. 


Durch Zufuhr von reinem Leuchtgas durch die Atmungstatigkeit 
konnte gezeigt werden, dass die Muskelleistung mit Beginn der Er- 

stickung kurz zunimmt (Notfallfunktion 
^Hjppiap durch die Adrenalinausschuttung) und 

dann dauernd abnimmt (Abb. 2). 
Wurde die Zufuhr von Leuchtgas nach 
Eintritt des Atmungsstillstandes unter- 
brochen, so trat mit Beginn der Atmung 
eine zunehmende Leistungssteigerung der 
Kaumuskulatur auf. Bei wiederholten 
Erstickungsversuchen kann es bei man- 
chen Versuchstieren zum Auftreten von 


. r w 



Abb. 2 

Ratte, mannl., 150 g Gewicht, 
mit 3 ccm 3 %iger Avertinlosung, 
subcutan, narkotisiert. Bei 1 
Leuchtgasatmung, bei 2 2 Min. 
lange kiinstliche Beatmung mit 
Sauerstoff. Die librigen Pfeile 
bedeuten 5 Min. ldnge Pausen, 
wobei das Kymographion still- 
stand. Minutenschreibung und 
Atmungsregistrierung. 


Kollapsen kommen, die durch kiinstliche 
Atmung mit reinem O s raschestens be- 
hoben werden konnten. Jeder Kollaps ist 
durch rasches Abfallen der MuskeJleistung 
charakterisiert. Bei Zufuhr von reinem 
Stickoxydul trat ebenfalls nach einer 
bestimmten Einwirkungsdauer eine Ver- 
minderung der Muskelleistung auf, wobei 
in den meisten Fallen die erwahnte kurze 
Steigerung der Muskelleistung, die auf 
das Auslosen der Notfallfunktion hinweist, 
fehlte. Dies weist wohl auf eine An- 
lahmung der Notfallfunktion durch N 2 0 
hin. 


METHODE DER MYOGRAPHIE 


65 



Myogramm A : 

A = Atemfrequenz in der Minute. 

1 = i.v. Injektion von 10 y Pros- 

tigmin, (Los. x : 20 000). 

2 = i.v. Inj. von 2 mg Myanesin 

(Los. 1 : 100). 

3 == i.v. Inj. von 2 mg Parpanit 

(Los. 1 : 100). 




Myogramm B : 

x = i.v. Inj. von 2,5 y Prostigmin 
(Los. 1 : 20 000). 

2 — i.v. Inj. von 150 y Apoatropin- 

sulfat (Los. 1 : 1000). 

3 u. 4= i.v. Inj. von 200 y Apoatro- 

pinsulfat (Los. 1 : 1000). 



• 

I5 Uis Is 






Myogramm C : 

1 — i.v. Inj. von 5 y Pros- 

tigmin (Los. x : 20 000). 

2 = i.v. Inj, von 2 mg Atro- 

pinsulfat (Los. 1 : xoo). 
3, 4 u. 6 = je eine i.v. Inj. 
von 1 mg Atropinsulfat 
(Los. 1 : 100). 

5 — i.v. Inj. von 2 mg Atro- 
pinsulfat (Los. 1 : xoo). 

Minutensfchreibung und 
Atmungsregistrierung. 

Samtliche Werte sind auf 
ioo g Gevvicht bezogen. 


Abb. 3 
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2. — Die Wirkung von Prostigmin, Parpanit, Myanesin , Curare, 
Scopolamin, Atropin und Apoatropin auf die Muskeltatigkeit. 

Als weitere Beispiele fur die Leistungsfahigkeit des Masseter-Prapa- 
rates sei die Auswertung der oben angefiihrten Stoffe wiedergegeben. 
Prostigmin , das bekanntlich eine Steigerung der Muskeiieistung her- 
vorruft, weist am Masseterpraparat eine hervorragende Wirkung auf. 
1,5-5 7 Prostigmin/ioo g Gewicht, i.v. verabreicht, erzeugen eine 
Steigerung der Muskeiieistung urn das 2-3 fache. Die Atmungstatigkeit 
wird dabei fast nicht beeinflusst. Antagonisten des Prostigmin am 
quergestreiften Muskel wie Curare (Merck), Atropin, Parpanit usw. 
erwiesen sich auch in dieser Versuchsanordnung wirksam. So kann ein 
Leistungsabfall nach i.v. Injektion von 1-5 mg Atropin. sulf.j too g 
Ratte, 3,5-5 mg Myanesin] 100 g, 2 mg Parpanit] too g, 0,1 mg Curare f 
100 g und 0,2 mg Apoatropin. sulf.jioo g festgestellt werden. Nach 
i.v. Verabreichung von 5 mg Scopolamin. hydrobroin./ioo g Ratte trat 
ein antagonistisches Verhalten gegen Prostigmin nicht zu Tage, sondern 
am Praparat konnte nur eine Ton ussteige rung der Kaumuskulatur 
registriert werden. Der Leistungsabfall der Muskulatur des Kauappa- 
rates kann immer wieder reproduziert werden, wobei gleichzeitig die 
Wirkungsdauer der einzelnen Stoffe gut beobachtet werden kann. 
Kollapszustande oder Atmungsstillstand sind fast immer mit Hilfe von 
Sauerstoff und kiinstlicher Atmung zu beheben, da sie namlich an der 
verminderten Tatigkeit des M. masseter frtihzeitig genug erkannt 
werden konnen. 


3 . — Testierung der Nebenniereninsuffizienz. 

NN-lose Ratten weisen im Arbeitsversuch eine charakteristische 
Ermiidungskurve auf. Die bisher angewandten Methoden sind oben 
angefiihrt. Im wiedergegebenen Kurvenbild (Abb. 4) soli die Leistung 
einer Ratte vor und nach der Adrenalektomie gezeigt werden. Vor der 
Operation blieb die Leistung der Kaumuskulatur uber Stunden hinaus 
nahezu gleichmassig ; eine schwere NN-insuffizienz, die am gleichen 
Tier herbeigefiihrt wurde, zeigte die charakteristische Ermiidungs- 
kurve. Ahnlich wie in den Kurven von Voegtli (3) werden zuerst 
norm ale Zuckungshohen erreicht, die aber von rascher Ermiidung gefolgt 
werden. Der Grad der Insuffizienz wurde auch mit weiteren Methoden 
gemessen. So zeigte das Tier eine verlangerte Narkosezeit auf Avertin 
(0,08 g/kg i.v.); diese betrug vor der Operation nur wenige Sekunden 
(7"), am Tag der Krisis, an dem die obige Leistungskurve aufgenommen 
wurde, dagegen 12 Minuten. Der Blutdruck — nach Moberg (4) 
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gemessen — bewegte sich vor der Operation in den Grenzen von 
65-60 mm Hg, am Tag des Versuches betrug er 32 mm Hg. Eine 
Leistungssteigerung mit Prostigmin konnte in diesem Zustand nicht 
mehr erzielt werden. 



Abb. 4 

Ratte, weibl., 170 g Gewicht, mit 1,5 ccm 3%1'ger Avertinldsung auf xoo g Gewicht, 
subcutan verabreicht, narkotisiert. 

Kurve A : Anfangs- und Endteil des Myogramms nach 4 stiindiger Reizung des 
M. masseter vor der Adrenalektomie. 

Blutdruck : 60 mm Hg. 

Schlafzeit auf i.v. Injektion v. 0,08 g/kg Avertin 7 Sek. 

Kurve B : Myogramm vom selben, aber adrenalektomierten Tier bei schwerer NN- 
insuffizienz. 

Blutdruck : 32 mm Hg. 

Schlafzeit auf i.v. Injektion von 0,08 g/kg Avertin 12 Min. (nach Neukamm). 


Diskussion 

In einigen Versuchsbeispielen konnte die Brauchbarkeit der neuen 
Methode der Masseterregistrierung an der Ratte gezeigt werden. Die 
Vorteile dieser Anordnung bestehen darin, dass die Versuche wieder- 
holt am gleichen intakten Tier, ohne operative Eingriffe, ausgefuhrt 
werden konnen. Curareartige Wirkungen an diesem Praparat sind 
besonders auffallig nach Vorbereitung des Tieres mit Prostigmin, hier 
kqnnten messbare Effekte bei Parpanit, Myanesin, Atropin, Apoatropin 
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aufgezeichnet und die Intensitat und Wirkungsdauer der einzelnen 
Stoffe miteinander verglichen werden. Cushny hat seinerzeit die 
Meinung vertreten, dass Atropinwirkungen am quergestreiften Muskel 
des intakten Tieres wegen der Toxizitat des Atropins nicht nachweisbar 
waren; darauf stiitzt sich wohl auch die landlaufige Meinung, dass die 
Wirkung von Atropin bei PARKINSON-Symptomen auf zentralen Angriff 
zuriickzufiihren sind. Diese Meinung muss heute revidiert werden. Die 
curareartige Wirkung von Parpanit, Myanesin, Atropin, Apoatropin 
kann durch Prostigmingabe wieder aufgehoben werden. Mit Scopolamin 
dagegen konnte in der gebrauchlichen Dosierung kein curareartiger 
Effekt erzielt werden; hier ist weiterhin ein zentraler Angriff wahr- 
scheinlich. Durch Erstickung mittels Leuchtgas konnte gezeigt werden, 
dass der Einfluss der Sauerstoffversorgung von iiberragender Bedeutung 
fiir die Muskeltatigkeit ist. Jede Art der Anoxamie wird friihzeitig an 
dem Abfall der Muskelleistung erkannt. Die durch die Erstickung 
ausgeloste Adrenalinausschuttung (Notfallfunktion) ist auf dem Myo- 
gramm als zackenartige Mehrleistung ersichtlich. Die Erstickung durch 
Stickoxydul lasst in den meisten Fallen ein Fehlen dieser Notfall- 
funktion erkennen. 

Die Versuche an NN-insuffizienten Ratten schliessen sich den 
Ergebnissen anderer Autoren an. Die verschiedenen Probleme der 
Muskelpharmakologie, die in der vorliegenden Arbeit nur gestreift 
wurden, warten der intensiven Bearbeitung. 


ZUSAMMENFASSUNG 

1) Eine Methode zur Registrierung der Muskelleistung mit Hilfe 
der elektrisch gereizten Massetermuskulatur der Ratten wird eingehend 
beschrieben. 

2) Beispiele fiir die Brauchbarkeit der neuen Methode bei der 
pharmakologischen Priifung verschiedener Substanzen werden auf- 
gefiihrt. 
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DIE AKTIONSSTROME DER SENSIBLEN HERZNERVEN 
BEI EXPERIMENTELLER HERZINSUFFIZIENZ 


VON 
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(Eingegangen am 24-1-1949J. 


Zusammenhange zwischen Herzaktion und zentripetalen Aktions- 
stromen im Halsvagus wurden zuerst von Adrian (i) gefunden und in 
jiingerer Zeit durch direkte Ableitung von den Nervi cardiales inferiores 
von Amann und Schafer (2), Jarisch u. Zotterman (3) sowie in 
eigenen Versuchen (4) festgestellt. Erhohung der Innendrucke einzelner 
Herzabschnitte bewirkt eine Yermehrung der Zahl der Impulse, Senkung 
hingegen den gegenteiligen Effekt; (5) daraus folgt, dass die von den 
afferenten Herznerven abzuleitenden Aktionspotentiale durch Erregung 
pressorezeptorischer Endorgane im Herzen ausgelost werden. Die 
Funktion dieser sensiblen Rezeptoren, die von Goormaghtigh u. 
Pannier u. a. (6) auch anatomisch in alien Teilen des Herzens nach- 
gewiesen wurden, besteht nach Jarisch u. Henze (7) darin, dass durch 
zentripetale Leitung der Erregung der Endorgane eine Anpassung 
der Herzgrosse an die jeweiligen Kreislaufverhaltnisse durch direkten 
Einfluss des Herzens auf die Reaktionsweise des Vasomotorenzentrums 
ermoglicht wird. Demnach sind die von den sensiblen Herznerven 
abzuleitenden Aktionspotentiale ein objektiv registrierbarer Ausdruck 
fur diese funktionellen Zusammenhange; ihre Veranderungen bei 
experimenteller Herzinsuffizienz wurden auf Anregung von Herrn Prof, 
v. Brucke untersucht und sollen im folgenden mitgeteilt werden. 
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Methodik 

Die Versuche wurden an 25 Katzen und 6 Hunden teils in Aether- 
11. teils in Chloralosenarkose durchgefuhrt. Preparation der Herznerven 
und Ableitung der Aktionsstrome erfolgte in der in den frviheren Mit- 
teilungen angegebenen Weise (4). In einzelnen Versuchen gelang es, 
durch AufFasern der zur Ableitung verwendeten Herznerven, die Zahl 
der leitenden Fasern auf wenige oder eine einzelne zu reduzieren. Bei 
der langen Versuchsdauer erwies es sich als besonders wichtig, die 
Korpertemperatur der Versuchstiere konstant zu halten. Zu diesem 
Zwecke wurde die Lufttemperatur im Abschirmkafig entsprechend hoch 
gehalten und die Korpertemperatur der Tiere wiederholt rectal ge- 
messen. Durch Wasserdampfsattigung der Luft wurden das Austrocknen 
der auf die Elektrode gelagerten Nerven vermieden. 

Die Herzinsuffizienz wurde nach M. Vogt (7) durch intravenose 
Injektion von Barbitursaurederivaten (Pernocton, Eunarcon, Epivan) 
erzeugt. 

Gleichzeitig mit den Aktionsstromen wurde der Blutdruck aus der 
Arteria femoralis mittels Hg. -Manometer, das EKG (Pericardklemme 
zu rechter Vorderpfote), das Herzvolumen mittels Cardiometer bzw. 
die Vorhofdrucke durch Wassermanometer registriert. 


Versuchsergebnisse 

Unter den im methodischen Teil beschriebenen Versuchsbedingungen 
konnen von dem auf die Ableitelektrode gelagerten Nerven wahrend 
einer durchschnittlichen Versuchsdauer von etwa 2 Stunden weit- 
gehend gleichbleibende Aktionsstrombilder registriert werden. Die 
Konstanz der Frequenz der afferenten Impulse ist besonders deutlich 
an Praparaten ersichtlich, die nur eine oder wenige leitende Fasern 
enthalten. Als Charakteristikum zur Beurteilung, ob die abgeleiteten 
Aktionsstrome sicher nur von einer einzelnen Faser stammen, benutzten 
wir die strenge Rhytmik der mit gleicher Amplitude aufeinander- 
folgenden Entladungen. Es ist sehr bemerkenswert, dass in diesen 
Fallen keinerlei Beziehung der Aktionsstrome zu einer bestimmten 
Phase der Herzaktion zu erkennen war, wie dies auch in einer Abbildung 
von Amann u. Schafer (2) ersichtlich ist. Einzelfaserpraparate, die 
herzsynchrone Entladungen zeigen, konnten wir nicht beobachten, doch 
wurden solche von Amann u. Schafer nachgewiesen. Wenn eine 
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grossere Zahl von funktionstiichtigen Nervenfasern zur Ableitung 
gelangt, lassen sich die folgenden Beziehungen zwischen dem Aktions- 
strombild und dem synchron registrierten EKG erkennen : wahrend der 
Vorhof- und Kammersystoie sind die Entladungen frequenter, so dass 
sie zu je einer dem P und QRS des EKG synchronen Gruppe zusammen- 
gefasst erscheinen; dazwischen liegt ein Intervall mit geringerer Zahl 



Abb. 1 

Oscillogramm einer Einzelfaser der Nn. cardiales infer, dext. und synchron registrierter 
EKG (obere Kurve). 

Katze 2,80 kg. Athernarkose. Zeit o,i sec. 

a) Zu Versuchsbeginn. 

b) 40 sec. nach Injektion von 30 mg/kg Pernokton in die V. cava. sup. 

(Der zeitliche Verlauf der Einzelimpulse ist verzerrt wiedergegeben, da die Re- 
gistrierung mit einem Schleifenoszillographen erfolgte.) 

von Entladungen; in der Mehrzahl der Praparate waren zwischen 
diesen beiden Entladungsgruppen keine Aktionsstrome zu registrieren, 
so dass die isoelektrische Linie geschrieben wurde. Offenbar hangt dies 
nur von der Zahl der leitenden Fasern ab, da solche Aktionsstrombilder 
sowohl von oberen als auch von unteren Asten der Nn. cardiales inf. 
beider Seiten abgeleitet werden konnten. Dadurch sind besondere 
anatomische Zuordnungen als Ursache fur die verschiedene Ausbildung 
des zwischen den beiden Haupt-Entladungsgruppen gelegenen Aktions- 
strombildes unwahrscheinlich. Das hier beschriebene Verhalten der 
Aktionsstrome afferenter Herznerven ist bei Hund und Katze gleich. 

Wird nun einem solchen Tier, dessen Aktionsstrome eines afferenten 
Herznervenastes wahrend einer langeren Beobachtungszeit unverandert 
blieben, ein Barbitursaurepraparat (Pernocton 20-40 mg/kg Eunarcon 
20-40 mg/kg, Epivan 30-50 mg/kg) in die V. femoralis injiziert, nimmt 
die Zahl der afferenten Impulse nach einer Latenzzeit von 3 0 ^ IS 
60 Sekunden deutlich ab ; in den Versuchen, in denen von Einzelfasern 
abgeleitet wurde, sind nach dieser Zeit keine Aktionsstrome mehr 
nachzuweisen. Bei Ableitung von mehreren leitenden Nervenfasern ist 
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die Veranderung desAktionsstromoszillogrammes entsprechend der Dosis 
des Barbitursaurederivates verschieden stark ; bei hohen Dosen ist auch 
in diesen Fallen in mehreren Versuchen ein volliges Verschwinden der 
Aktionsstrome zu beobachten gewesen. In einem Teil der Versuche 
(vorwiegend in den Versuchen mit Katzen nach mehrmaliger Injektion 
von Barbitursaurepraparaten) konnte etwa 10-20 Sekunden nach der 
intravenosen Injektion in die V. femoralis eine voriibergehende Fre- 
quenzsteigerung der Aktionsstrome registriert werden (die nach weiteren 
20-40 Sekunden von der friiher beschriebenen Frequenzabnahme gefolgt 
war). Nach einer von der injizierten Dosis abhangigen Dauer von 
7-10 Minuten nimmt die Frequenz der Aktionsstrome allmahlich 
wieder zu, so dass etwa 15-20 Min. nach der Injektion das anfanglich 
beobachtete Strombild wiederhergestellt ist. Bei Einzelfaserpraparaten 
vollzieht sich sowohl das Verschwinden der Aktionsstrome als auch 
ihre Wiederherstellung nach einer vorangehenden Phase geringerer 
Frequenz ohne Verminderung der Amplitudenhohe plotzlich. Diese 
Veranderungen sind am selben Tier durch wiederholte Injektionen 
mehrmals reproduzierbar. Besondere Unterschiede in der Wirksamkeit 
der in den angegebenen Dosen verwendeten drei Barbitursaureprapa- 
rate Pernocton, Eunarcon und Evipan konnten nicht festgestellt werden. 
Nach Injektion des Barbitursaurepraparates in die Vena cava sup. wird 
die Frequenz der afferenten Entladungen schon nach 10-20 Sekunden 
verringert; ein Intervall mit voriibergehender Frequenzsteigerung war 
in diesen Versuchen nicht zu beobachten. 

Um die zeitlichen Beziehungen zwischen den beschriebenen Ver- 
anderungen der Aktionsstrome und dem Eintritt der Herzinsuffizienz 
zu untersuchen, wurde gleichzeitig mit der Registrierung der Aktions- 
potentiale und des EKG die Cardiometer und Blutdruckkurve aufge- 
nommen. Die Abnahme der Frequenz der Aktionsstrome beginnt zu 
einem Zeitpunkt, in dem der Blutdruck bereits stark abgesunken ist 
bzw. nach kleineren Barbiturdosen sein tiefstes Niveau erreicht hat. 
Das Herz ist zu dieser Zeit schon maximal dilatiert. Das Wiederauf- 
treten afferenter Impulse in den sensiblen Herznerven erfolgt erst, 
nachdem der Blutdruck annahernd den Ausgangswert erreicht hat; die 
Herzvolumskurve zeigt in dieser Phase noch eine deutliche Herzdilatation 
an, die erst im Verlaufe von weiteren 5-10 Minuten abnimmt. 

Das Verhalten der Vorhofsdrucke nach Barbiturinjektion gibt eine 
Erklarung fur die nach wiederholter Injektion zu beobachtende vor- 
iibergehende Vermehrung der Aktionsstrome; nur in diesen Fallen 
stieg der Vorhofsdruck links und rechts wahrend der Dauer der Herz- 
dilatation um 10-20 cm H 2 0 an; meist waren die Anderungen der 
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b) 15 sec. nnch Injcktion von 20 mg/kg Eunarcon in die V. tern. dext. 

c) fio sec. nach Injcktion von 20 mg/kg Eunarcon in die V. fem. dext. 

</) 16 min. nach Injcktion von 20 mg/kg Eunarkon in die V, fem. dext. 

(Der Einhruch der Aktionspannungen der EKG ist durch die Ableitung von undurchschnittenen Nervcn bedingt.) 



74 


F. KAINDL, K. POLZER UND G. WERNER 


Vorhofsdrucke nach den ersten Injektionen von Barbitursaurederivaten 
nur sehr gering ; oft blieben sie gleich. Eine Phase vermehrter afferenter 
Entladungen war in diesen Versuchen niemals festzustellen. 

Diese Veranderungen der Vorhofsdrucke wurden bereits von 
Anitschkow und Trendelenburg (9) sowie von Vogt (8) ausfuhrlich 
beschrieben und in ihrer Ursache aufgeklart. Fur die vorliegende 



Abb. 3/1 

Cardiometer- und Blutdruckkurve einer Katze (Athernarkose). (s. Abb. 3/2). 


Untersuchung sind sie deshalb wichtig, weil trotz Erhohung der Vor- 
hofsdrucke in den betreffenden Versuchen die Aktionsstrome mit 
Eintritt der vollen Herzdilatation schliesslich abnahmen. Dagegen ist 
aus frviheren Untersuchungen bekannt, dass jede Drucksteigerung der 
Vorhofe zu einer Erhohung der Aktionsstromfrequenz fiihrt. Nur 
voriibergehend und noch vor Eintritt der vollen Herzwirkung des 
Barbiturpraparates konnen die druckempfindlichen Endorgane auf die 
Drucksteigerung mit einer Vermehrung der afferenten Impulse reagieren. 

Die experimentelle HerzinsufEzienz durch Barbitursaurederivate ist 
somit von einer verminderten — bei entsprechender Dosierung sogar 
erloschenen — Erregbarkeit der Pressorezeptoren des Herzens begleitet. 
Die Senkung des arteriellen Blutdruckes wahrend der Insuffizienz 
scheidet als Ursache fur die Verringerung der Frequenz der Aktions- 
strome der afferenten Herznerven aus, da einerseits trotz des Druck- 
abfalles zu Beginn der Insuffizienz die Aktionsstrome noch in normalem, 
bzw. bei Vorhofsdrucksteigerung sogar in vermehrtem Ausmasse 
vorhanden sind ; andererseits iiberdauert, wie friiher ausgefuhrt wurde, 
die Abnahme der Aktionsstrome die Blutdrucksenkung. Die weitgehende 
Unabhangigkeit des Aktionsstrombildes der afferenten Herznerven vom 
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arteriellen Blutdruck, die schon von Amann und Schafer festgestellt 
wurde, und auch aus unseren vorhergehenden Angaben ersichtlich ist, 
wird noch durch Versuche bestatigt, in denen Katzen Azetylcholin in 
verschiedenen Dosen injiziert wurde : niedrige Dosen von ACH, die 
nur den Blutdruck senken, ohne Herzvolumen und Vorhofsdrucke zu 
andern verursachten in keinem der Versuche eine sichere Anderung 

M > t'l ! > [ r > * • ' < ! • ! | • I I I I f M * I I I -| i 1 I 1 ff rr-1 ![Ull I "1 n T < M M I 11 I J ! T] 


! 



Abb. 3/2 

Aktionsstromoscillogramme der Nn. card. sup. dext. (obere Kurve) der Nn. card, 
infer, dext. (mittlere Kurve) und EKG desselben Versuchstieres. 

a) Zu Versuchsbeginn. 

b) 15 sec. nach Injektion von 40 mg/kg Evipan in die V. fern. dext. 

c) 4s sec. nach Injektion von 40 mg/kg Evipan in die V. fem. dext. 

d) 12 min. nach Injektion von 40 mg/kg Evipan in die V. fem. dext. 

Die Aktionsstrome der Herznerven wurden synchron mit den markierten Punkten der 
Russkurve aufgenommen; bei j" steht das Kymo 8 min. 

(Im Oszillogramm der oberen Herznerven sind nur Reibungspotentiale ersichtlich; 
in der Ableitung von den unterenHerznerven treten in regelmaBiger Folge monophasische 
Zacken nach abwarts auf : sie entsprechen vermuth dem P des EKG; es wurde vom 
undurchschnittenen N erven abgeleitet). 

der Aktionstromfrequenz. Hohere Dosen van ACH hingegen (50-100 /xg) 
veranderten das Aktionsstrombild je nachdem, ob die Vorhofsdrucke 
anstiegen oder durch Ueberwiegen der peripheren gefasserweiternden 
Wirkung abnahmen, im Sinne der Vermehrung bzw. Verringerung der 
Zahl der Entladungen wahrend einer Herzaktion. Mit Sicherheit wird 
die verminderte Erregbarkeit der Pressorezeptoren wahrend der expe- 
rimentellen Herzinsuffizienz durch drei Versuche bestatigt, in denen 
bei Hunden wahrend einer akuten Insuffizienz die Arteria Pulmonalis 
kurzdauernd abgeklemmt wurde; die am nicht geschadigten Versuchs- 
tier in solchen Fallen zu beobachtende starke Vermehrung der Aktions- 
strome in den sensiblen Herznerven der rechten Seite infolge \ orhofs- 
drucksteigerung blieb aus und war erst nach Abklingen der Insuffizienz 
wieder in der iiblichen Weise zu registrieren. 
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Injektion von Strophanthin (0,05-0,1 mg) in die obere Hohlvene 
wahrend der maximalen Herzdilatation durch Barbitursaurederivate 
bewirkt gleichlaufend mit der gegeniiber den Vergleichsversuchen ohne 
Strophanthin beschleunigten Riickkehr zum anfanglichen Herzvolumen 
auch eine raschere Wiederherstellung des Aktionsstrombildes, das zu 
Versuchsbeginn registriert wurde. Ein deutlicher Unterschied gegen- 
xiber den Versuchen, in denen die spontane Erholung nach der kunst- 
lichen Herzinsuffizienz abgewartet wurde, besteht in der zeitlichen 
Beziehung zum Wiederanstieg des arteriellen Blutdruckes : die Aktions- 
strome in den afferenten Herznerven waren in alien Versuchen nach 
Strophanthininjektion bereits wieder in der fur das betreffende Nerven- 
praparat festgestellten Ausgangsfrequenz abzuleiten, wenn der Blut- 
druck noch stark gesenkt war, in drei Versuchen war der arterielle 
Druck von seinem tiefsten Niveau zum Zeitpunkt der vollen Insuffizienz 
iiberhaupt noch nicht angestiegen. Dazu steht die friiher beschriebene 
zeitliche Zuordnung zwischen Erholung des Blutdruckes und des 
Aktionsstrombildes bei unbeeinflusstem Ablauf der experimentellen 
Insuffizienz im Gegensatz. Diese Versuche zeigen wieder, dass die 
beobachteten Veranderungen der Aktionsstrome nicht durch Erniedri- 
gung des arteriellen Druckes verursacht sein konnen; bemerkenswert 
ist, dass in Versuchen, in denen nach wiederholter Injektion von Barbi- 
tursaurepraparaten die Vorhofsdrucke um 10-20 cm H 2 0 bei einer 
neuerlichen derartigen Insuffizienz anstiegen, nach Strophanthin die 
verminderten Aktionsstrome bei gleichzeitiger Senkung der Vorhofs- 
drucke auf die Normalwerte wiederkehren. Es besteht also ein gegen- 
satzliches Verhalten zur Auswirkung der Vorhofsdruckanderung beim 
ungeschadigten Herzen : bei diesem bewirkt jede Senkung des Vorhof- 
druckes eine deutliche Abnahme der Aktionsstromfrequenz. 

Die bisher mitgeteilten Versuchsergebnisse sind an alien Aesten der 
sensiblen Herznerven beider Seiten nachzuweisen und gelten auch fur 
jene Nerven, deren Aktionsstrome in Einzelfaserpraparaten keine 
Zuordnung zu Aenderungen des Herzinnendruckes wahrend der 
Herzaktion erkennen lassen. Es ist moglich, dass die sensiblen Endorgane 
dieser Nerven Chemorezeptoren sind ; darnach sind die in der Anoxamie 
beobachteten Dauerentladungen (10, 5) in den afferenten Herznerven 
solchen Rezeptoren zuzuordnen. 

Bei gleichzeitiger Ableitung der Aktionsstrome von zwei verschiedenen 
afferenten Herznerven derselben Seite oder bei gleichzeitigem Abgriff 
der Aktionspotentiale von rechten und linken sensiblen Herznerven 
treten die beschriebenen Veranderungen der Aktionsstrome annahernd 
gleichzeitig ein. 
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Besprechung der Versuchsergebnisse 

Die Versuche zeigen, dass durch Barbitursaurederivate in den ange- 
wandten Dosen eine Lahmung der sensiblen Endorgane des Herzens 
verursacht wird, die sich als eine Verringerung der Zahl der afferenten 
Impulse in den Nn. cardialis inferiores aussert; die Lahmung der 
Rezeptoren ist spontan reversibel; die Wiederherstellung ihrer Funktion 
kann durch Strophanthin ebenso wie der Rfickgang der Herzdilatation 
beschleunigt werden. 

Die Moglichkeit, experimentell eine reversible Lahmung der im 
Herzen gelegenen sensiblen Endorgane zu erzeugen und ihren zeitlichen 
Verlauf durch das Oszillogram der sensiblen Herznerven zu verfolgen, 
gibt Anlass, die physiologische Funktion dieser Rezeptoren erneut zu 
untersuchen; ausserdem erhebt sich die Frage, ob die Lahmung dieser 
Endorgane fiir die Entstehung der Herzinsuffizienz von ursachlicher 
Bedeutung sein kann. 

Gegen einen solchen Zusammenhang spricht die Tatsache, dass am 
innervierten wie am denervierten Herzen in derselben Weise die expe- 
rimentelle Herzinsuffizienz durch Barbitursaurederivate ausgelost wird; 
Durchschneiden beider Halsvagi ebenso wie Unterbrechung aller 
afferenter Herznerven in unmittelbarer Nahe des Herzens, hat keinerlei 
Einfluss auf die Herzwirkung der Barbitursaurepraparate. Offenbar ist 
die reversible Lahmung der sensiblen Endorgane im Herzen nur eine 
Begleiterscheinung der bekannten Stoffwechselschadigung des Herz- 
muskels durch die angewandten Stoffe und die Strophanthinwirkung 
auf diese Rezeptoren eine Folge der Verbesserung des geschadigten 
Stoffwechsels (n). 

Inwieweit die ungestorte Funktion der afferenten Herznerven und 
ihres Rezeptorenapparates fur die Herztatigkeit von Bedeutung ist, 
ist nach den dariiber vorliegenden Versuchsergebnissen noch nicht 
vollstandig geklart : Nach Jarisch verlauft die afferente Bahn fiir den 
Jarisch-Bezold Reflex fiber die Nn. cardiales inf.; die Bedeutung dieser 
Nerven ffir den Bainbridge Reflex ist weniger sicher, da Tiitso (12) 
auch an denervierten Herzen Frequenzsteigerung nach Erhohung des 
Druckes im rechten Vorhof nachweisen konnte. Ffir die andauernde 
tonische Innervation des Herzens auf reflektorischem Wege, die von 
Henze (13) an Kaninchen durch reizlose Ausschaltung der Nn. vagi 
am Hals nachgewiesen wurde, mfissen als afferente Bahn die Nn. 
card. inf. angenommen werden. 

Die Lahmung der Pressorezeptoren durch Barbitursaurcderh ate 
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verursacht sicherlich eine Stoning dieses Reflextonus, ist jedoch fiir die 
experimentelle Herzinsuffizienz selbst nicht von ursachlicher Bedeutung. 
Hingegen ware denkbar, dass ahnliche Funktionsstorungen der car- 
dialen Pressorezeptoren bei den einzelnen Formen der klinischen Herz- 
dilatation infolge Schadigung des Myocards eintreten. 


ZUSAMMENFASSUNG 

Durch Barbitursaurederivate (Evipan, Eunarcon, Pernocton) werden 
die sensiblen Endorgane des Herzens reversibel gelahmt, wodurch eine 
Abnahme der Frequenz der afferenten Impulse in den Nn. card. inf. 
beider Seiten bewirkt wird. Durch Strophanthin wird die Erholung 
der geschadigten Endorgane beschleunigt. 
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des chemo-recepteurs du glomus carotidien a 1 ’acetylcholine (*) 

(With Summary) 


PAR 


H. MAZZELLA et E. MIGLIARO 


(Travail regu le 12-2-1949,). 


Caldeyro et Garcia Austt (i) ont montre que l’inactivation des 
cholinesterases par le Nu-683 intensifie les reflexes cardio-inhibiteurs 
pneumogastriques declenches par l’excitation des chemo-recepteurs 
du glomus carotidien par l’acetylcholine. 

Nous avons examine l’influence du Nu-683 sur Faction stimulante 
des chemo-recepteurs du glomus carotidien par F acetylcholine, en ce 
qui concerne les reflexes vasopresseurs que cette stimulation provoque. 

Chez le chien, on sectionne les nerfs vagues-aortiques cervicaux, on 
injecte de l’atropine afin d’exclure les reactions vagales cardiaques, on 
curarise Fanimal afin d’exclure les reactions respiratoires et on lie, au 
niveau du sinus carotidien, toutes les branches arterielles, a Fexception 
de celles qui irriguent le glomus carotidien. On enregistre la pression 
arterielle a l’artere femorale. 

L’injection (| l5 fig. 1) dans la carotide commune, par le bout caro- 
tidien de l’artere thyro’idienne ligaturee du sinus carotidien prepare 
comme decrit plus haut, d’une faible dose d’acetyl choline ne declenche 


(*) Communication preliminaire a la seance du 25 nov., 1948, de la Societe de Biolocie 
de Montevideo. 
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pas de reactions vasopressives reflexes et ne stimule done pas les chemo- 
recepteurs du glomus carotidien. 

On administre ensuite ( 1 2» fig- *)> en injection intraveineuse, une 
dose de Nu-683. 

Quinze minutes apres I’injection de Nu-683, on injecte a nouveau 
dans la carotide commune, la meme dose d’acetylcholine (f 3 , fig. 1) 
et on observe, cette fois, une elevation tres marquee de la pression 
arterielle, due a la stimulation reflexe des centres vasomoteurs par 
l’excitation des chemo-recepteurs du glomus carotidien par l’acetyl- 
choline. 



Fig. i 

Chien, 22 kg, anesthesie a la morphine-chloralosane, atropine, curarise et vagotomise. 
Les sinus carotidiens sont prepares suivant la technique decrite. 

1 : injection dans la carotide commune (chemo-recepteurs du glomus carotidien) 
de 1 cc. acetylcholine 1/20.000. Pas de reactions vasomotrices reflexes. 

2 : injection intraveineuse de 8 mg Nu-683. 

3 : 15 min. apres injection de Nu-683, injection intra-carotidienne (chemo-recepteurs) 
de 1 cc. acetylcholine 1/20.000. Reaction vasopressive reflexe tres marquee. 

4 : meme injection d’acetylcholine qu’en 3; mSme reaction vasopressive reflexe. 


Conclusions 

Ces faits experimentaux demontrent que le Nu-683, administre a 
dose qui inactive selectivement la cholinesterase serique (pseudo- 
cholinesterase), sensibilise les chemo-recepteurs du glomus carotidien 
a 1 ’ acetylcholine. Cette sensibilisation intensifie notablement les reflexes 
vaso-presseurs declenches par 1’ excitation acetylcholinique des chemo- 
recepteurs du glomus carotidien. 


NU-683 et chemo-recepteurs 


8i 


Summary 

Injection of dimethylcarbamate of (2-hydroxy-5-phenylbenzyl) tri- 
methyl-ammonium (Nu-683) in doses inducing selective inactivation 
of pseudo-cholinesterase, sensitises the chemo-receptors of the carotid 
body to acetylcholine and thus increases the vaso-pressor reflex responses 
due to chemoceptive stimulation by acetylcholine. 


Bibliographie 

Caldeyro, R. et Mazzella, H. Arch. hit. Pharmacodyn., 1949, sous 
presse. 
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des chemo-recepteurs du glomus carotidien (*) 

(With Summary) 


PAR 


A. FERNANDEZ 


(Travail repu le 15-2-1949J. 

Caldeyro et Garcia Austt (i) et Mazzella et Migliaro (2) ont 
montre que le Nu-683 intensifie les reflexes cardio-inhibiteurs et vaso- 
presseurs declenches par l’excitation des chemo-recepteurs du glomus 
carotidien par l’acetylcholine. 

Nous avons recherche 1 ’influence du Nu-683 sur sensibilite 
reflexogene des chemo-recepteurs du glomus carotidien. 

Chez le chien, on lie les branches arterielles d’un sinus carotidien a 
l’exception de celles qui irriguent le glomus carotidien, et on enregistre 
le pneumogramme. 

L’injection (f x , Fig. i) de sulfure de sodium dans la carotide com- 
mune (glomus carotidien) ainsi preparee, determine une stimulation 
reflexe du centre respiratoire d’origine chemo-sensible. 

L’injection (f x , Fig. 2) d’une faible dose d’acetylcholine dans la 
carotide commune ainsi preparee, ne determine qu’une tres faible sti- 
mulation reflexe respiratoire d’origine chemo-receptrice. 

On administre ensuite au chien, en injection intraveineuse, une 
dose de Nu-683 inactive surtout la cholinesterase serique. 

L’injection (f 2 , Fig. i) de la meme dose de sulfure de sodium dans 
la carotide commune (glomus carotidien) determine la meme stimulation 
reflexe du centre respiratoire qu’en f x , fig. 1. 


(*) Communication a la seance du 25 nov. 1948 de la Soc. de Biol, de Montevideo. 
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Fig. 1 

Chien, 23 kg. Anesthesie a la morphine-chloralosane. Enregistrement de la respiration. 
Sinus carotidien prepare suivant la technique indiquee. 

j- x : injection intra-carotidienne (chemo-recepteurs du glomus carotidien) de 10 mg 
sulfure de sodium. Hyperpnee reflexe. 

Entre I et II : injection intra-vein euse de 0.3 mg/kg Nu-683. 

f , : 10 min. apres l’injection Nu-683, m£me injection intra-carotidienne de sulfure 
de sodium; meme hyperpnee reflexe. 



Fig. 2 

Chien, 22 kg, meme preparation qu’cn fig. 1. 

| x : injection intra-carotidienne de 0.1 mg acetylcholine. Faible h\perpn'* * 

Entre I et II : injection intraveineuse de 0.3 mg/kg Nu-683. 

f i 5 min. apres 1 ’injection de Nu-683, meme injection intra-carotidienne d’acctyl 
choline qu’en 1 1 ; hyperpnee reflexe marquee. 
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L’injection (f 2 , Fig. 2). de la meme dose d’acetylcholine, dans la 
carotide commune (glomus carotidien) qu’avant Padministration de 
Nu-683, declenche cette fois une forte hyperpnee reflexe. 


Conclusions 

Ces faits experimentaux demontrent que le Nu-683, injecte a 
des doses qui inactivent surtout la cholinesterase serique (pseudo- 
cholinesterase), intensifie les reflexes respiratoires determines par l’exci- 
tation des chemo-recepteurs du glomus carotidien par Pacetylcholine, 
mais ne sensibilise pas ces chemo-recepteurs vis-a-vis de la stimulation 
determinee par le sulfure de sodium. 


Summary 

Injection of Nu-683 doses inactivating mainly the pseudo- 
cholinesterase, sensitises the chemo-receptors of the carotid body to 
the respiratory reflex stimulating effect of acetylcholine, but not of 
sodium sulfide. 


Bibliographie 

1. — Caldeyro, R. et Garcia Austt, F. Arch. int. Pharmacodyn ., 

1949, sous presse. 

2. — Mazzella, H. et Migliaro, E. Ibid., 1949, sous presse. 
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PAR 


A. FERNANDEZ et J. J. VINOLES 


(Travail re(u le 16-2-1949,). 


Des travaux anterieurs (1, 2, 3, 4) ont mis en evidence que le Nu-683 
administre a des doses qui inactivent selectivement la cholinesterase 
serique (pseudo-cholinesterase), ne determine pas de reactions choliner- 
giques, tout en sensibilisant intensement differentes fonctions physio- 
logiques (emur, synapses parasymphatiques et sympathiques, pression 
arterielle, chemo-recepteurs, centre cardio-inhibiteur) a Tacetylcholine. 

Nous avons examine l’influence du Nu-683 sur la secretion salivaire, 
sur l’action stimulante de Tacetylcholine sur la secretion salivaire, et 
sur Taction secretaire salivaire de Texcitation de la corde du tympan. 

Les experiences furent executees sur le chien anesthesie a la morphine- 
chloralosane. Des canules sont placees dans les canaux salivaires de 
Stenon et de Wharton. 

On mesure la secretion salivaire chez Tanimal normal. La corde du 
tympan est isolee et excitee electriquement, avec une intensite et pendant 
une duree determinees. 

Une dose appropriee d’acetylcholine est injectee dans le courant 
circulatoire de la carotide commune du cote oil les canaux sali\aires 
sont canules, et on mesure Taction sialagogue de cette dose d’acetyl- 
choline. 

(*) Communication a la seance du 25 nov. 1948 de la Soc. de Biol, de Monitviueo. 




Chien, 16 kg. Anesthesie a la morphine-chloralosane. Canules dans les canaux deStenon. 
En ordonnees : nombre de gouttes de salive. 

A : injection d’acetylcholine dans la carotide commune gauche, avant (! •>) et apres (() 
l’injection i.v. de 0.3 mg/kg Nu-683. 

B : injection d’acetylcholine dans la carotide commune droite, avant (jP^) et apres (|) 
l’injection i.v. de 0.3 mg/kg Nu-683. 

Le Nu-683 sensibilise notablement les glandes salivaires a l’action sialagogue de 
Tacetylcholine. 


Les figures 1, 2 et 3 reproduisent les resultats des observations 
experimentales. 

Ces experiences montrent que le dimethylcarbamate d’hydroxyphenyl- 
benzyl-trimethylammonium (Nu-683), administre a des doses qui inacti- 
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vent selectivement la cholinesterase serique (pseudo-cholinesterase), 
sensibilise notablement les glandes salivaires a Taction sialagogue de 
T acetylcholine, mais ne sensibilise pas les glandes salivaires a Taction 
sialagogue de Texcitation de la corde du tympan. 



ABC 

Fig. 2 


Chien, 25 kg. Anesthesie a la morphine-chloralosane. 

Canules dans les deux canaux des Warthon et de Stenon. 

En ordonnees : nombre de gouttes de salive. 

A : hypersecretions salivaires, canaux de Warthon gauches, determinees par l’injection 
d’acetylcholine, avant et apr&s (|) l’administration de 0.3 mg/kg Nu-683. 

B : idem pour les canaux de Stenon gauches. 

C : hypersecretions salivaires determinees par Texcitation de la corde du tympan, 
avant (? ) et aprfes (|) administration de 0.3 mg/kg Nu-683. 

Le Nu-683 sensibilise les glandes salivaires a l’action sialagogue de l’acdtylcholine, 
mais non a celle de Texcitation de la corde du tympan. 


Summary 

Experiments show that injections of dimethylcarbamate of hydroxy- 
phenyl-benzyl-trimethylammonium (NU-6S3), in doses inactivating, 
selectively the pseudo-cholinesterase, sensitise the salivary gland 
secretion to acetylcholine, but not to the secretory stimulating effect 
of tympanic nerve stimulation. 
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(With Summary ) 


PAR 


R. CALDEYRO et E. GARCIA AUSTT 

(Travail refu le 16-3-1949 A 

Des travaux anterieurs ont montre que le dimethyl-carbamate 
d’hydroxy-phenyl-benzyl-trimethylammonium (Nu-683) possede la pro- 
priete d’inhiber selectivement, a certaines doses, l’activite de la choline- 
sterase serique (pseudo-cholinesterase). De plus fortes doses de Nu-683 
inactivent egalement la cholinesterase globulaire et tissulaire (vraie 
cholinesterase). 

Malgre 1’inactivation selective de la cholinesterase serique, Ies symp- 
tomes dits cholinergiques font defaut, alors que la sensibilite de diffe- 
rentes fonctions vegetatives (cceur, broaches, intestins, glandes salivaires, 
synapses) est notablement augmentee vis-a-vis de 1’acetylcholine (1). 

Nous avons montre, dans un travail anterieur (2), que le Nu-683, 
injecte a des doses qui inactivent selectivement la cholinesterase serique, 
Re modifie pas l’excitabilite reflexe et directe du centre cardio-inhibiteur 
vagal, alors que les reactions de ce meme centre a l’acetylcholine, 
administrees en injection intraveineuse, sont notablement augmentees. Ce 
fait confirme la conclusion de Heymans, Verbeke et Votava (i), a 
savoir que la cholinesterase serique joue un role important dans 1 hydro- 
lyse de 1’acetylcholine in vivo. 

(*) Communication prcliminaire a la seance du 25 now 1948 de ia Soc. de Biol, oc 

Montevideo. 
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Nous avons examine comparativement, dans un nouveau groupe 
d’experiences, l’influence du Nu-683 sur l’excitabilite du nerf vague 
cardiaque et sur la sensibilite du coeur a 1’ acetylcholine. 


Experiences 

Les experiences ont ete effectuees chez le chien anesthesie a la mor- 


phine-chloralosane. On enregistre 



Fig. 1 

Chien, u kg. Anesthesie a la morphine- 
chloralosane. Enregistrement de la fre- 
quence cardiaque. 

t - f , I : excitation du nerf vague car- 
diaque avec 5 stimulis. 

Entre I et II : injection intraveineuse de 
0.3 mg/kg de Nu-683. 

t-f .11 : meme excitation du nerf vague 
qu’en I, dix minutes apres 1’injection de 
Nu-683. Sensibilisation -du cceur a l’exci- 
tation du nerf vague. 


la frequence cardiaque. Le bout 
cardiaque d’un nerf vague sec- 
tionne est place sur une electrode 
impolarisable au kaolin et stimule 
par un courant de decharge de 
condensateurs (io mf — 40 volts), 
avec une frequence et une duree 
constantes. Les reactions du coeur 
a l’excitation du nerf vague et a 
l’acetylcholine sont enregistrees 
avant et apres l’injection intra- 
veineuse d’une dose determinee 
de Nu-683. 

Voici des experiences de cette 
serie. 

Chien , 1 1 kg. — Frequence car- 
diaque. 

La stimulation du nerf vague 
cardiaque (Fig. 1, I,faf) determine 
une bradycardie; la frequence du 
coeur passe de 90 a 70 battements 
par minute, soit une diminution de 
25%. Entre I et II, fig. 1, on injecte 
0.3 mg/kg de Nu-683, dose qui 
inactive selectivement la choline- 
sterase serique. 

Dix minutes apres I’injection 
de Nu-683, la meme stimulation 
du nerf vague entraine un ralen- 
tissement du coeur (Fig. i, II, f af ) 
de 85 a 48 battements par minute, 
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soit une diminution de 41 %. Le coeur est done sensibilise a l’excitation 
du nerf vague. 

L’injection intraveineuse d’acetylcholine, avant l’administration de 
Nu-683, a des doses de 25 gammas (Fig. 2, 1, j ), de 200 gammas (Fig. 2, 
II, |) et de 300 gammas (Fig. 2, III, f ) provoque de la bradycardie. 



Fig. 2 

Meme chien que fig. i. 

1 1 1 '• injection intraveineuse de 25 gammas acetylcholine, 
t > II : injection i.v. de 200 gammas acetylcholine. 

1 1 HI : injection i.v. de 300 gammas acetylcholine. 

Entre III et V : injection i.v. de 0.3 mg/kg de Nu-683. 

I - , IV : injection i.v. de 25 gammas acetylcholine; forte sensibilisation du coeur a 
l’acetylcholine. 


L’injection de 25 gammas d’acetylcholine (Fig. 2, IV, j ), apres 
l’administration de 0.3 mg/kg de Nu-683, declenche une bradycardie 
tres intense et prolongee, beaucoup plus intense qu’avant 1 injection 
de Nu-683. Cette bradycardie depasse de douze fois en intensite celle 
determinee, par la meme dose d’acetylcholine, avant 1 administration 
du Nu-683. 

Chien, 12 kg. — Frequence cardiaque. 

La stimulation du nerf vague cardiaque avec 5 stimulis (Fig. 3’ C 
ta|) et 15 stimulis (Fig. 3, II, t*t ) provoque une bradycardie. 

On injecte, entre II et III, fig. 3> °-3 m ?/ k S de Nu " 68 3- Dlx ™ mutcs 
apres l’injection i.v., on applique les memes stimulis au ner \agu 
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(Fig. 3, III, f a f ; IV, f a f ) qu’en I et II, fig. 3. La bradycardie est 
respectivement 1,7 et 1,3 plus forte en III et IV, qu’en I et II. 

Entre IV et V, fig. 3, on injecte une nouvelle dose de 0.3 mg/kg de 
Nu-683. Dix minutes apres cette injection, les memes stimulis du nerf 
vague (Fig. 3, V, f a j- ; VI, f a j) entrainent respectivement une 
bradycardie 1,2 et 1,1 plus marquee qu’en III et IV. 



no. j 

Chien, 12 kg. Anesthesie a la morphine-chloralosane. Enregistrement de la frequence 
cardiaque. 

f - 7 , I ; excitation du n. vague, avec 5 stimulis. 

■f-f , II : excitation du n. vague, avec 15 stimulis. 

Entre II et III : injection i.v. de 0.3 mg/kg de Nu-683. 

'j' - \ , III ; excitation du n. vague, avec 5 stimulis. 

■f -f , IV : excitation du n. vague, avec 15 stimulis. 

Entre IV et V : injection i.v. de 0.3 mg/kg de Nu-683. 

"I “ f » V : excitation du n. vague, avec 5 stimulis. 
f - 'j' , VI : excitation du n. vague, avec 1 5 stimulis. 

Sensibilisation du cceur, par le Nu-683, a l’excitation du n. vague. 
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Si on injecte (Fig. 4, I, f ) 
10 gammas d’acetylcholine, avant 
l’administration de Nu-683, 
bradycardie est pratiquement 
nulle. L’injection i.v. de 10 gam- 
mas d’acetylcholine (Fig. 4, 
II, f), dix minutes apres l’ad- 
ministration de 0.3 mg/kg de 
Nu-683, ralentit le rythme 
cardiaque de 14 %. 

Entre II et III, fig. 4, on injecte 
une nouvelle dose de 0.3 mg/kg 
de Nu-683. 

Dix minutes apres cette injec- 
tion, la meme dose de 10 gammas 
d’acetylcholine declenche une 
intense bradycardie, qui est 5,3 
fois plus prononcee qu’en II, 
fig. 4. 

Conclusions 

Les experiences, effectuees 
chez le chien, montrent que le 
dimethyl-carbamate d’ hydroxy- 
phenyl -benzyl -trimethylammo- 
nium (Nu-683) peut sensibiliser 
legerement le coeur a l’action 
inhibitrice du nerf pneumo- 
gastrique, tout en sensibilisant 
tres notablement le coeur a 
l’action inhibitrice de l’acetyl- 
choline. 

Summary 

Experiments performed on dogs 
show that dimcthylcarbamate of hy- 
droxy-phenyl - benzyl - trimethylammo- 
nium (Nu-683) may sensitise slightly 
the heart to the inhibitory influence of 
vagal stilumation, but sensitises very 
markedly the heart to the inhibitory 
influence of acetylcholine. 



Fig. 4 

Meme chien que fig. 3. 

-? , I, : injection i.v. de 10 gammas acetylcholine. 
Entre 1 et II : injection i.v. de 0.3 mp/kc de N11-6S3. 
4 . II : injection i.v. de 10 pammas acetylcholine. 
Entre II et III: injection i.v. de 0.3 mp r kp de Nu-ti*^. 

.III: injection i.v. de to pammas acetylcholine. 

Le NU-6S3 sentibilite notablement le ctrur i I'aretjl- 
choline. 
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D. BRANI§TEANU et Gh. Gh. POPOVICI 


(Travail refu le 28-1-1949,) . 


Parmi les incompatibilites des sulfamides, figure aussi Ieur association 
avec les barbituriques. 

Les donnees tant cliniques qu’experimentales, prouvant le danger 
de cette association, sont assez peu nombreuses. 

Ainsi Adriani (i) experimentant sur des rats, conclut que des doses 
subanesthesiques de barbituriques, peuvent, sous 1 influence de la 
sulfanilamide (1162 F), devenir, dans certains cas, mortelles. Ceci arrive, 
specialement lorsqu’il s’agit d’acides barbituriques contenant une plus 
forte quantite de soufre. 

Jambon et Chaptal (2) relatent un cas de mort chez un epileptique, 
auquel pendant un traitement au gardenal, on avait administre 3 gr. 
de Dagenan. 

Pour Velasquez (3), l’association sulfamides-barbituriques peut pro 
duire, chez Phomme, certains phenomenes entrainant meme la mort. 

En partant de ces donnees, ainsi que du fait d avoir repris ces dcrmers 
temps 1’ etude de Paction des barbituriques sur le cceur (4) et celle des 
sulfamides sur Pappareil cardio-vasculaire (5), nous nous sommc. 
proposes d’etudier experimentalement Paction de cette association 
le cceur. 

Dans la note presente, nous donnons les resultats obtenus < p 
administration concommitante du Cibazol (/>.-amino-bcnzo)l su am 
2-thiazol), sa forme injectable, et du Luminal sodique (le sc so iq 
de Pacide phenyl-ethyl-barbiturique) sur le cceur de grenoui e. 

La technique employee a ete celle de la determination ' 

cardiaque par irrigation du cceur in situ (6). Apres a ' oir cC , 

debit cardiaque normal, on perfusait le coeur avec du Ci azo , 
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cn diverses concentrations. Le Cibazol a ete employe en concentrations 
de 0,01 % (dose indifferente pour le cceur de grenouille), 0,025 % et 
0,05 % (doses excitantes pour le cceur), 0,1 % et 0,2 % (doses depressives 
pour le cceur) et le Luminal en concentrations de 0,01 % (dose indiffe- 
rente pour le cceur) et 0,02 % (dose depressive). Ces concentrations 
susmentionnees ont ete etablies en nous basant sur nos recherches 
anterieures (4, 5). 

Les resultats obtenus sont indiques dans le tableau present : 


Concentration de l’association 
Luminal + Cibazol 

Effet sur le 
debit cardiaque 

Troubles de 
conductibilite 

Luminal 0,01 % (dose indif.) 

+ 

Cibazol o,ox % (dose indif.) 

Diminue 

de 

23 %-25 % 

absents 

Luminal 0,01 % 

+ 

Cibazol 0,025 % (dose excit.) 

Diminue 

de 

17 %-23 % 

absents 

Luminal o.oi % 

+• 

Cibazol 0,05 % (dose excit.) 

Diminue 

de 

20 %-23 % 

absents 

Luminal 0,01 % 

+ 

Cibazol 0,1 % (dose depres.) 

Diminue 

de 

9 %-zo % 

presents 

Luminal 0,01 % 

+ 

Cibazol 0,2 % (dose depres.) 

Diminue 

de 

13 %-iS % 

presents 

Luminal 0,02 % (dose depres.) 

+ 

Cibazol o,or % 

Diminue 

de 

25 %-29 % 

absents 

Luminal 0,02 % 

+ 

Cibazol 0,05 % 

Diminue 

de 

23 %-25 % 

absents 

Luminal 0,02 % 

+ 

Cibazol 0,1 % 

Diminue 

de 

20 % -23 % 

presents 


De l’examen de ces resultats, il ressort, premierement, que par 
perfusion d’un melange de Cibazol et Luminal, en concentrations telles 
que separement ni Tun ni 1’autre n’aurait eu aucune influence sur le 
cceur, on a obtenu une diminution net du debit cardiaque. Par perfusion 
avec un melange de Luminal en dose indifferente et de Cibazol en dose 
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excitante on depressive, l’action obtenue est toujours depressive. 
L’association de Luminal en concentration depressive et de Cibazol, 
en concentration soit indifferente, soit excitante ou depressive, produit 
toujours une diminution du debit cardiaque. 

En second lieu, les troubles de conductibilite que nous avons observes 
avec des doses depressives de Cibazol, apparaissent, de meme, apres 
emploi de Passociation Luminal-Cibazol, mais toujours, dans les cas 
seulement, ou le Cibazol se trouve en concentration depressive. Dans 
les melanges, ou le Cibazol se trouve en concentration excitante ou 
indifferente, quoiqu’en association avec le Luminal, Peffet sur le 
coeur demeure depressif, les troubles de conductibilite n’apparaissent 
pourtant pas. 

Le troisieme fait observe, est la disparition des phenomenes depressifs 
produits sur le cceur par cette association, immediatement apres lavage 
& la solution Ringer. Ceci plaiderait pour Padmission, dans Paction du 
melange Luminal-Cibazol, d’un phenomene d’adsorbtion. 

En quatrieme lieu, il resulte qu’on ne saurait etablir une relation 
entre les concentrations des substances employees et l’intensite de 
Peffet produit. 

De tous ces faits, celui qui nous parait etre le plus important est 
justement Peffet nettement depressif obtenu avec le melange de Luminal 
et Cibazol en concentrations indifferentes. On sait que dans la thera- 
peutique usuelle, tant avec le Luminal qu’avec le Cibazol, avec des 
doses couramment employees, on n’observe aucune modification des 
fonctions cardiaques. Nous basant pourtant sur les recherches que nous 
venons d’exposer, nous pourrions supposer que Padministration con- 
-comitante de Cibazol et de Luminal, qui administres separement ne 
montrent aucune influence sur le cceur, pourrait tout de meme manifester 
une action cardiaque novice. Et cette action novice deviendrait encore 
plus evidente dans les cas ou le cceur, sur Iequel Paction agit, serait plus 
ou moins lese. 


Conclusions 

Recherchant experimentalement sur le cceur de grenouille, par 
determination du debit cardiaque, en irriguant le coeur in situ, Paction 
de Passociation Luminal sodique (sel sodique de 1’acide phenyl-ethyl- 
barbiturique) et Cibazol (p.-amino-benzoyl-sulfarnido- 2 -thiazol), la 
forme injectable, nous avons constate ce qui suit : 

i) Quelles que soient les doses employees, cette association produit 
toujours un effet depressif sur le cceur. 
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2) L’effet depressif apparait meme apres emploi des doses de Cibazol 
et Luminal qui administrees separement n’auraient aucune action sur 
le cceur. 

3) Les troubles de conductibilite, observes avec des doses depressives 
de Cibazol, apparaissent aussi apres emploi de Luminal-Cibazol. Ceci 
n’a lieu que dans les cas ou le Cibazol de Tassociation est utilise en 
concentration depressive. Quant a la concentration du Luminal, elle 
semble n’avoir aucune influence dans l’apparition de ces troubles. 

4) Les effets nocifs produits par 1 ’association Cibazol-Luminal, sont 
reversibles et paraissent etre dus a un phenomene d’adsorbtion. 
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AUS DER PHARMAKOLOGISCHEN ANSTALT DER UNIVERSITAT BASEL 


UEBER KURZ- UND NEBENSCHLUSSE 
DES LUNGENKREISLAUFES 


VON 


Albert Ht) RUM ANN 


( Eingegangen am 10-2-1949,). 

Unter Kurz- und Nebenschliissen der Lunge wollen wir im folgenden 
generell Gefassverbindungen verstehen, in denen das Blut von der 
arteriellen auf die venose Seite gelangen kann, ohne das normale 
alveolare Kapillarsystem der Lunge zu passieren. Als solche kommen 
in erster Linie in Betracht die sog. echten arteriovenosen Anastomosen 
im Sinne von Clara (1939), d.h. Verbindungen, die sich durch ganz 
besondere histologische Merkmale (Hoyer, 1876; Grosser, 1902; 
Vastarini-Cresi, 1903; Schumacher, 1934; Watzka, 1936; Masson, 
1 937'» Spanner, 1938; Clara, 1939) und durch vollstandige Verschluss- 
fahigkeit auszeichnen. 

Solche arteriovenose Anastomosen sind in der menschlichen Lunge 
von Hayek (1943) beschrieben worden. Nach ihm sollen sie folgenden 
anatomisch-histologischen Aufbau zeigen : Aus Aesten der Art. pulmo- 
nalis entspringen muskelstarke, dickwandige Gefasse, sog. Sperrar- 
terien. Diese sind wegen der besonderen Anordnung ihrer Ring- und 
Langsmuskulatur vollkommen verschlussfahig (Hayek, 1940). In ihrer 
Wand weisen sie mehrere wie ausgestanzte Oeffnungen auf, die unvcr- 
mittelt in diinnwandige, weite Venen iiberfiihren. Die Oeffnungen 
stellen somit direkte Verbindung zwischen arteriellem und venosem 
Gcfjissystem dar. Ihre Durchmesser betragen ungefahr 40 ji. Besondere 
Merkmale, wie z.B. Sphinkteren, fehlen. Die anschlicssenden \ enen 
gehoren teils zum Gebiet der Pulmonalvenen, teils zum bronchialen 
Venennetz, welches sein Blut zur Hauptsache in die Pulmonalvenen 
fuhrt. Hayek (1940) hat an zahlreichen Pulmonalisastcn Sperrarterien 
gefunden. Es gibt daneben auch solche, die die Pulmonalartcrien inn 
den Bronchialarterien verbinden (Hayek, 1943)- 
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Ausser dem bisher beschriebenen Kurzschluss des Lungenkreis- 
laufes durch die echten arteriovenosen Anastomosen besteht noch eine 
weitere Moglichkeit, den Lungenkreislauf zu umgehen und zwar durch 
das sog. Riesenkapillarnetz der Pleura (Hayek, 1943). Dieses entsteht 
aus kleinen Aestchen der Art. pulmonalis, die zur Pleura ziehen und 
dort in ein weitmaschiges Gefassnetz iibergehen, dessen Kapillaren 
etwa 20-50 fi weit sind. Besondere Sperreinrichtungen fehlen. Aus dem 
Riesenkapillarnetz fliesst das Blut in den Pleuralvenen zur V. pulmonalis 
und umgeht damit den regularen Kapillarkreislauf der Lungen. 

Funktionell ist iiber die Bedeutung der Kurz- und Nebenschliisse 
der Lunge fast nichts bekannt. Hayek (1943) vermutet auf Grund 
seiner anatomischen Untersuchungen, dass bei Offensein aller Kurz- 
und Nebenschliisse des Lungenkreislaufes eine Blutmenge von mindes- 
tens 1/5 der Gesamtblutmenge durch diese stromen konne. Berry und 
Daly de Burgh (1931) haben am Hund die Art. pulmonalis und die 
Artt. bronchiales getrennt durchstromt und gefunden, dass normaler- 
weise Blut von den Artt. bronchiales zur V. pulmonalis fliesst. Dies 
konnte einerseits durch Gefassverbindungen erfolgen, die die Artt. 
bronchiales mit den Aesten der Art. pulmonalis verbinden, wie sie von 
Hayek (1943) fur denMenschen beschrieben wurden. Andererseits wird 
vielleicht auch beim Hund, wie dies fur den Menschen bekannt ist 
(Hayek, 1940; Corning, 1913), das bronchiale Venennetz einen Teil 
seines Blutes in die Pulmonalvenen fiihren. Berry und Daly de Burgh 
schatzen, dass unter normalen Bedingungen 2/3 des Blutes der Bron- 
chialarterien ihren Weg zur V. pulmonalis nehmen, wahrend nur 1/3 
durch die V. azygos zum rechten Vorhof fliesst. 

Wir haben uns die Aufgabe gestellt, experimentell zu bestimmen, 
welche funktionelle Bedeutung den Umgehungsmoglichkeiten des 
kleinen Kreislaufes unter verschiedenen Bedingungen zukommt. 


Methode 

Das Prinzip besteht darin, an isoliert durchstromten, iiberlebenden 
Lungen von Katzen und Kaninchen eine genau bekannte Menge 
korpuskularer Elemente bestimmter Grosse in die Art. pulmonalis zu 
geben, und dann zu kontrollieren, wieviel von diesen Teilchen die 
Lungen passieren. 

Wir verwendeten dazu ca. 30 Kaninchen von durchschnittlich 2 kg 
Gewicht in tiefer Urethannarkose (1,4 g/kg s.c. als 20%ige Losung), 
ferner ca. 20 mit Dial narkotisierte Katzen (je 0,03 g/kg s.c. und i.p.). 
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Nach Einbinden einer Kaniile in die Trachea wurden die Lungen mit 
einer Atmungspumpe beatmet. Die Atmungsfrequenz betrug ca. 40 
pro Minute, das Atemzugsvolumen ca. 20 ccm. Der Thorax wurde 
eroffnet, die Lungen und das Herz freiprapariert. Dann erhielt das Tier 
zur Verhinderung der Blutgerinnung 5 mg/kg Liquoid i.v. Nun wurde 
der rechte Ventrikel angeschnitten und durch ihn in die Art. pulmonalis 
eine Kaniile eingefiihrt, durch welche die Durchstromungsflussigkeit 
floss. Diese durchstromte die Lungen, um am linken Vorhof, der ange- 
schnitten wurde, den Kreislauf zu verlassen. Als Durchstromungs- 



Abb. i 

In den Rohren b t -b 3 sind jeweils bekannte Mengen Lycopodiumsporcn eingcschlosscn. 
Normalenveisc fliesst die Durchstromungsflussigkeit durch das Rohr a zur Lunge. 
Durch Umschalten eines der Dreiweghahnen B.v fliesst diese durch das zugehorige 
Rohr und schleust dabci die darin befindlichcn Sporen in die Lunge. 

fliissigkeit diente Tyrodelosung von 40° C, die aus einer Mariotte’schen 
Flasche unter konstantem Druck durch die Kaniile in die Art. pulmo- 
nalis eingelassen wurde. 

Als korpuskulare Elemente verwendeten wir Barlappsporcn (Semen 
Lycopodii). Diese wurden schon von Vulpian (1S75), Steixach (1SS4) 
und Bourceret (1885) zur Untersuchung gewisser Gebiete des grossen 
Kreislaufes an der menschlichen und tierischen Leiche benutzt. Die 
Sporen sind angenahert kugclformig und haben cinen Durchmesser 
von 28-32 [Ji. Da nach Hayek (1940-1941) die Kalibcr dcr echten arterio- 
venosen Anastomosen dcr Lunge ungefahr 40 /t, die dcr Riesenkapil- 
laren der Pleura 20-50 /i betragen, ist zu erwarten, dass die Sporen 
vom artcriellen Gebiet des Lungenkrcislaufes durch die Kur7.^chlu’‘^c 
in das venose Gebiet ubertreten konnen, wahrenddem sic die Kapdkiren 
natiirlieh nicht zu passieren vermdgen. 
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Die Eingabe der Sporen erfolgte nach dem in der schematischen 
Abbildung i angegebenen Verfahren : Anstelle durch das Rohr a 
konnte durch Drehen der entsprechenden Dreiweghahnen an B x , B 2 oder 
B 3 die Durchstromungsfliissigkeit auch durch das Rohr b v bezw. b 2 
oder b z geleitet werden. In diese Rohre (6 j_ 3 ) wurden bestimmte Mengen 
Lycopodiumkorner (2.10 5 in 0,2 ccm 0,9 %iger NaCl-losung) ein- 
gebracht (Tab. I, Kol. 6), die dann jeweils beim Umschalten in den 
Lungendurchfluss geschleust werden konnten. Der Stromungswider- 
stand in den Rohren a und b war gleich gross. 

Dass das System in der beschriebenen Weise fur unsere Versuchs- 
zwecke einwandfrei funktionierte, wurde auf folgende Art gezeigt : 
Anstelle von Lycopodiumsporen setzten wir der Perfusionsfliissigkeit 
bekannte Mengen von Erythrocyten zu. (An zwei Kaninchenlungen 
wurden je dreimal 1,4.10® Erythrocyten in 0,4 ccm 0,9 %iger NaCl- 
losung zugegeben). Diese konnten in der aus dem linken Vorhof aus- 
fliessenden Fliissigkeit tatsachlich vollzahlig wieder gefunden werden 
(mittlere Abweichung ± 2,5 %; die grosste Differenz zwischen der 
in die Lunge eingelassenen Erythrocytenzahl und der im Ausfluss 
wieder gefundenen war — 4,3 %). 

Um mit unserer Versuchsanordnung moglichst alle Aenderungen zu 
erfassen, die beim intakten Tier am Lungenkreislauf etwa auftreten 
konnten, wurde in den verschiedenen Versuchen der Einflussdruck, 
das Atemzugsvolumen und die Atmungsmittellage variiert; ausserdem 
wurden in einigen Fallen der Perfusionsfliissigkeit gewisse gefasswirk- 
same Pharmaka zugesetzt. (Die betr. Grossen bezw. Pharmaka sind in 
den Kolonnen 1-4 der Tab. I angegeben). 

Der Einflussdruck in die Art. pulmonalis wurde fur den Grossteil 
der Versuche auf 30 cm H 2 0 gehalten, da nach der Literatur der Pul- 
monalisdruck fur die meisten Warmbltiter und auch fur den Menschen 
mit 20-30 cm H 2 0 angegeben wird (Drinker, 1925; v. Euler, 1946; 
Cournand, 1947; Dexter, 1947; Logaras, 1947; Lagerlof, 1948). 
In einzelnen Fallen erhohten wir den Druck auf 100 cm H 2 0 (Tab. I, 
Kol. 1). 

Beatmet wurden die Lungen normalerweise mit einem Atmungs- 
volumen von ca. 20 ccm auf Kollapslage, d.h. die Lungen kollabierten 
wahrend den Inspirationspausen vollstandig. Die Kollapslage entspricht 
bei den Kaninchen einem Restvolumen von etwa 10 ccm, bei den Katzen 
von ca. 15 ccm. Wir fiihrten auch Versuche durch an Lungen mit 
erhohter Exspirationslage (Tab. I, Kol. 3). Diese wurde dadurch erhalten, 
dass in den Exspirationsweg ein zusatzlicher Widerstand geschaltet 
wurde; die exspiratorische Atmungslage betrug dabei etwa 30 ccm 
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Tabelle I 



1 

2 

3 

4 

i 

5 

; 

6 

7 



Perfusionsflussigkeit 



Durchfluss 

Anzahl 

davon 


Druck 


1 


Atem- 

Atem- 

in ccm/min 

d. zuge- 

wiedcr 

No. 

in cm 

Ty- 

-f-Pris- 

+Pvri- 

lage j 

zugs- 



gebenen 

gefun- 


h 2 o 

rode 

col 

benza- 

in 

vol. 

Be- 

Ende 

Lyc.- 

den 




5 -io - 5 

min io " 7 

ccm 

in ccm 

ginn 


sporen 






1 

K 

t 

j aninchen 



1 


12 

3 ° 

+ 



IO 

20 

no 1 

90 

2.10° 

keine 

13 

)> 

+ 



IO 

20 

100 | 

— 

4.IO 1 

ft 

42 


+ 



IO 

20 

no 

104 

2 .I 0 5 

R 

43 

» 

+ 



IO 

20 

100 

104 

i) 

» 

45 

1) 

+ 


1 

10 

40 

84 

80 

» 

9 

44 

)) 

+ 



30 

20 

120 

122 


a 

33 

)) 

+ 



30 

20 

140 

130 

» 

1 ’ 

46 

» 

+ 



30 

40 

1 00 

106 

a 

; 

49 

J) 

+ 

+ 


IO 

20 

124 

120 

” l 

a 

S 3 

» 

+ 

4 


IO 

40 

124 

no 

)» ; 

i R 

| 

52 

)) 

+ 

4 


30 

20 

82 

76 


» 

54 

)) 

+ 

4- 


30 1 

40 

126 

122 

a 

» 

59 

)) 

+ 


IO* G 

IO 

20 

114 

116 

R 

J) 

61 

)) 

+ 


IO‘ G 

IO 

20 

138 

i 34 

B 

R 

7 i 

T) 

+ 


IO- fi 

IO 

40 

118 

120 

B 

» 

72 

» 

I + 


IO-° 

30 

40 

138 

124 

B 

a 

16 

» 

+ 

+ 

4 

IO 

20 

no 

90 

B 


55 


+ 

4 

4 

IO 

20 

107 

102 

B 

R 

57 

» 

+ 

4 

+ 

IO 

40 

n6 

96 

» 

a 

15 

» 

+ 

4 

4 

30 

20 

92 

92 

a 

p 

22 

» 

+ 

+ 

4 

30 

20 

124 

no 

» 

R 

56 

V 

+ 

4- 

4 

30 

40 

124 

108 

a 

» 

60* 

)> 

4- 



IO 

20 

96 

100 

a 


62* 

» 

+ 



IO 

30 

96 

82 

a 

a 

63* 

» 

+ 



30 

40 

72 

86 

a 

» 

64* 

» 

+ 



30 

20 

70 

68 . 

i r 

a 

69 

100 

4 



IO 

20 

264 

286 

IO C 

» 

23 

n 

+ 



IO 

40 

260 

250 

a 

p 

24 

» 

+ 



30 

20 

260 

260 

I a 

» 

58 

» 

4 

4 


IO 

20 

212 

216 

* 

i 

25 

n 

4 

4- 


30 

; 40 

212 

200 

a i 

I 

1 » 

26 

» 

4 

+ 

4 

IO 

I 20 

212 

204 

» 


27 


U- 

1 

+ 

4 

30 

1 4 ° 

220 

210 

a 







Katzcn 






73 

3 ° 

j 4 



15 

20 

74 

70 

2.10 1 

! keine 

74 

» 

1 + 



15 

40 

1 iS 

120 

a 

1 

75 


+ 



35 

20 

1 12 

1 14 

* 


76 

a 

4 



35 

40 

120 

1 iS 



77 

» 

! + 

+ 


1 15 

20 

120 

n6 

> 


78 

a 

4 

4 


15 

40 

122 ! 

13° 

> 

i 


79 

n 

_U 

4- 


35 : 

20 

i 44 j 

142 



80 

a 

4 

4 - 


35 1 

40 

126 ; 

120 < 

» 


81 

)* 

"f* 


4 - 

r 5 , 

20 J 

134 ! 

138 , 

r 


S2 

a 

+ 


4 - 

J 5 j 

40 j 

124 

120 , 

r 


84 

» 

j 4 


4 - 

35 

20 i 

124 ' 

13= 

p 


83 

1 

1 » 

-i- 


1 4- 

35 

4 ° ; 

120 

120 1 



8s 

; 100 

_U 

> 

* 

} 

15 1 

20 

240 , 

246 1 



8b 

’ » 




15 

40 

204 

260 

* 


89 

* 


i 


35 1 

20 

2SS 1 

276 

* 


S? 

’ » 

J 

: 


i 35 - 

40 

2S2 

303 




(*1 Die isolierten Lungen wnren vor dcr Durch«trOmunc Srundm hr. 4 

f'ehalten worden. . , 1 *, y, 

Genercll \vurden die Versuche an jedem Tier n'cims! wiederbo. , <• - - * 

immrr dasselbe blicb, d.h. Lycopodiumsporen \xurdrn in tier su« Orm 1...1 r- 
ausstromenden Fliissigkeit nie pefunden. 


io4 


ALBERT HURLIMANN 


(Kollapslage + 20 ccm). Ferner beatmeten wir in einem Teil der Versuche 
die Lungen mit 40 ccm Atemzugsgrosse (Tab. I, Kol. 4). Damit ist in 
unseren Versuchen — zumindest fur Kaninchen, die nach Bucher (1942) 
auf einer exspiratorischen Atmungslage von ca. 50 ccm/2 kg atmen — 
die normalerweise fiir Katzen und Kaninchen in Betracht kommende 
Lungenentfaltung nach oben und unten hin bestrichen worden. 

Ausserdem wurde in einzelnen Versuchen der Perfusionsfliissigkeit 
ein Sympathicolyticum oder ein Antihistaminicum oder beides zugesetzt 
(Tab. I, Kol. 2), in einer Konzentration, von der man erwarten durfte, 
dass sie einen durch Sympathin bezw. Histamin verursachten Verschluss- 
der arteriovenosen Anastomosen zu beheben im Stande ware. Wir 
haben dabei in erster Linie an diese beiden Stoffe gedacht, weil mit 
ihnen im Experiment am Kaninchenohr tatsachlich Verschluss dieser 
Gefasse zu erhalten ist (Grant, 1930; Mark, 1941; Sanders, 1947). 
Hierbei hat sich die Methode der isoliert durchstromten Lunge auch 
insofern von Vorteil erwiesen als (im Gegensatz zum lebenden Tier) 
bei der Anwendung der Sympathicolytica bezw. Antihistaminica keine 
Riickwirkungen auf das Herz zu befiirchten waren. Als Sympathico- 
lyticum verwendeten wir Priscol (Hartmann-Isler, 1939; Meier- 
Muller, 1939) in einer Konzentration von 5. 10 5 und als Antihistami- 
nicum Pyribenzamin (Mayer et al., 1945) in Konzentrationen von xo' 7 - 

IO' 6 . 

Die aus dem linken Vorhof ausfliessende Fliissigkeit wurde quanti- 
tativ gemessen und auf das Vorkommen von Semen Lycopodii unter- 
sucht (Tab. I, Kol. 7). 


Ergebnisse 

In der aus dem linken Vorhof ausstromenden Fliissigkeit sind weder 
bei Kaninchen noch bei Katzen je Lycopodiumsporen nachgewiesen 
worden. Dies trotzdem wir die Versuche unter stark verschiedenen 
Bedingungen durchgefiihrt hatten. So wurden verandert : die Atmungs- 
grosse (20-40 ccm), die exspiratorische Atmungslage (10-30 ccm), der 
hydrostatische Druck (30-100 cm). Ferner hatten wir in einigen Fallen 
der Perfusionsfliissigkeit Priscol (5.10' 5 ) und Pyribenzamin (io' 7 -io* 6 ) 
zugesetzt. 

In Anbetracht dieses eher unerwarteten Resultates wurde in einigen 
Nachversuchen am Kaninchenohr, das nachgewiesenermassen (Hoyer, 
1876; Grant, 1930; Clark, 1934) zahlreiche arteriovenose Anastomosen 
besitzt, die Brauchbarkeit der Methode experimented gepriift. Wir 
durchstromten isolierte Kaninchenohren mit Tyrodelosung, der Sus- 
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pensionen von Lycopodiumsporen zugesetzt wurden. Nacheinander 
wurden mehrmals Sporenmengen von io 4 der Durchstromungsfliissig- 
keit zugesetzt; der Durchfluss nahm dabei nicht ab. An ca. 15 Kaninchen- 
ohren, an denen insgesamt etwa 50 Versuche durchgefiihrt wurden, 
waren in der aus der Vene ausstromenden Flussigkeit meistens ca. 
40 % der Lycopodiumsporen nachzuweisen ; Werte von 50 % waren 
nicht selten. Damit wird der mogliche Einwand beseitigt, dass namlich 
nicht die Grosse der Sporen, sondern irgendeine andere Eigenschaft ihr 
Durchtreten vom arteriellen Teil des kleinen Kreislaufes in den venosen 
Teil verhindert habe. 


Diskussion 

Das wichtigste Ergebnis ist, dass weder bei Katzen noch bei Kaninchen 
Kurz- und Nebenschliisse in der Lunge vorhanden sind, wie sic von 
Hayek (1940; 1943) fur den Menschen beschrieben wurden. Der 
mogliche Einwand, dass solche zwar vorhanden seien, dass aber die 
Methode zum Nachweis unzulanglich gewesen sei, wird weitgehend 
entkraftet durch die Kontrollen am Kaninchenohr und die verschiedenen 
Versuchsanordnungen, wie verschieden grosses Lungenvolumen, ver- 
schiedener Einflussdruck, Zusatz gefasserweiternder Pharmaka. 

Wenn man nun annimmt — wozu man wohl berechtigt ist dass 
die normale Regulation des Lungenkreislaufes bei der carnivoren Katze 
und dem herbivoren Kaninchen einerseits und beim Menschen anderer- 
seits nicht grundsatzlich verschieden ist, dann kommt man zum Schluss, 
dass die bei letzterem nachgewiesenen Kurz- und Nebenschliisse der 
Lunge fur die normale Regulation des Lungenkreislaufes bedeutungslos 
sein diirften ( x ). Diese diirfte vielmehr durch das rechte Herz selbst 
und dann vor allem auch durch die Atmungstatigkeit erfolgen, "obci 
die Auswirkungen der letzteren sich vorwiegend am alveolaren Kapil- 
larsystem abspielen diirften. 

Von Regulationsmechanismen des kleinen Kreislaufes, die iiber das 
Herz selbst zustandekommen, kennt man bishcr einzig den \on 
Schwiegk (1935) beschriebcnen Lungenentlastungsrellex. Dieser v.ird 
bei Hunden durch Druckanstieg in den Lungengefassen ausgehVi und 
fiihrt zu eincr Verlangsamung der Hcrzfrequcnz und ciner Scnkung dts 
Blutdrucks im Korperkrcislauf. 
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Von Regulationsmechanismen, die iiber eine Aenderung der Atmungs- 
tatigkeit effektiv werden, sind bereits mehrere bekannt : Untersuchungen 
an isolierten Lungen und am Tier mit offenem Thorax ergaben, dass 
der Stromungswiderstand im kleinen Kreislauf bei Dehnung einer 
kollabierten Lunge allmahlich abnimmt (Krauss, 1934; Chiurco), 
angeblich deshalb, weil die in Kollapslage stark geschlangelten Gefasse 
nach und nacb gestreckt und damit entfaltet werden (Wagner, 1940). 
Wird die Lunge weiter gedehnt, dann steigt schliesslich der Widerstand 
wieder an (Krauss, 1934), was nach Wagner (1940) vor allem auf der 
sog. Querkontraktion der Gefasse beruhen soli. Ein solcher, durch 
Lungendehnung entstandener, erhohter Widerstand diirfte nach Borden 
et al. (1948) beim chronischen Lungenemphysem vorkommen, bei 
dem diese einen deutlich erhdhten Druck in der Art. pulmonalis fest- 
gestellt haben. Damit ist eine Abhangigkeit der Kreislaufverhaltnisse 
der Lunge vom Grad der Lungenentfaltung gezeigt. Die Vasomotoren 
scheinen im Vergleich zu dieser Regulation nur eine untergeordnete 
Rolle zu spielen. Lungenblahung namlich vermag im kleinen Kreislauf 
den Druck viel starker zu steigern als Vasomotorenreizung (Daly de 
Burgh, 1932; Diebold, 1947). Untersuchungen am Tier mit geschlos- 
senem Thorax andererseits ergaben, dass die atmungssynchronen Blut- 
druckschwankungen im grossen und kleinen Kreislauf gleich gerichtet 
sind, und zwar erfolgt in beiden Systemen bei der Inspiration ein 
Druckabfall und bei der Exspiration ein Druckanstieg (Johnson et al. 
1937). Nach Hooker (1914), Wiggers (1922), Cahoon (1940), Boyd 
(1941) u.a. fliesst wahrend der Inspiration mehr Blut ins rechte Herz 
und als Folge davon erhoht der rechte Ventrikel sein Schlagvolumen ; 
gleichzeitig fiillt sich (beim Hund) der linke Ventrikel eher weniger 
(Shuler, 1942), was Shuler et al. auf eine, wahrend der Inspiration 
erfolgende Kapazitatszunahme im Lungenkreislauf zuriickfiihren. Daher 
befindet sich wahrend der fur die Beliiftung giinstigsten Zeit Blut in 
grosseren Mengen in der Lunge als wahrend der Exspiration. 

Wenn wir nun fragen, worin denn die Bedeutung der am Menschen 
von Hayek (1940, 1942) nachgewiesenen Kurz- und Nebenschliisse 
liegen konnte, so scheinen uns folgende Moglichkeiten gegeben : 

Nach Hochrein (1933) soli die Lunge eine von der Atmung unab- 
hangige Blutspeicherungsfahigkeit (bis zu 25% der gesamten Blut- 
menge) besitzen, was allerdings von Rein (1933) und Liebermeister 
(1934) bestritten wird. Aehnliche Ansichten wie Hochrein hat schon 
Kuno (1917) vertreten. Wenn man diese als richtig annimmt, dann 
ware es denkbar, dass die Blutspeicherung durch die Kurz- und Neben- 
schliisse zustande kommt, indem ihre Eroffnung zu einer Umgehung 
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bisher durchbluteter Kapillargebiete fiihrt und damit das in ihnen 
liegende Blut zu Depotblut wird. 

Sauerbruch (1928), Pfeifer (1934) und Diebold (1947) haben iiber 
Beobachtungen berichtet, wonach einzelne Lungenlappen wechselnden 
Blutgehalt zeigen konnen. Der Umstand, dass das Blut bei einer OefT- 
nung der Kurz- und Nebenschliisse dem geringeren Widerstand folgend 
dureh diese abfliessen wiirde, und damit die Durchblutung einzelner 
Bezirke herabgesetzt wiirde, konnte zur Erklarung dieses Phanomens 
dienen. Wir mochten jedoch betonen, dass, wenn immer im kleincn 
Kreislauf grossere Mengen Blut durch Kurzschliisse von den alveolaren 
Kapillaren ferngehalten werden, es zwangslaufig zu einer merklichen 
Hypoxaemie und Hyperkapnie im gesamten Korper kommen miisste. 
(In dieser Beziehung wirken sich Kurz- und Nebenschliisse im kleincn 
Kreislauf eben anders aus als im grossen, da dort die Umgehung eines 
Organs primar nur eine lokale Storung bedingen wird.) Dieser Zustand 
diirfte aber nicht die Regel sein; es ist vielmehr anzunehmen, dass 
er nur dann eintreten wird, wenn die Sauerstoffversorgung anderen, 
im Moment dringenderen Aufgaben voriibergehend untergeordnet 
wird, d.h. in Ausnahmezustanden, wobei die Kurz- und Neben- 
schliisse des Lungenkreislaufs eigentliche Notfallsfunktionen ausviben 
wiirden. 
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ZUSAMMENFASSUNG 

Isolierte, iiberlebende Lungen von Kaninchen und Katzen wurden 
unter verschiedenen Bedingungen von der Art. pulmonalis aus durch- 
stromt. Der Durchstromungsfliissigkeit zugesetzte Lycopodiumsporen 
von ca. 30 /x Durchmesser wurden in der aus dem linken Vorhof aus- 
stromenden Fliissigkeit nie nachgewiesen. Daraus wird einerseits 
geschlossen, dass bei Kaninchen und Katzen keine Kurz- und Neben- 
schliisse des Lungenkreislaufes vorhanden sind und andererseits, dass 
die von Anatomen beschriebenen Kurz- und Nebenschliisse der Lunge 
beim Menschen normalerweise keine bedeutenden Funktionen erfiillen. 

Es werden Moglichkeiten diskutiert, bei denen die Kurz- und Neben- 
schliisse der Lunge sog. Notfallsfunktionen ausiiben konnten. 

Die Arbeit %vurde ausgefiihrt auf Anregung und unter Leitung von Herm Prof. Dr. 
med. K. Bucher. 
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Previous investigations showed on the basis of the study of cortical 
potentials that nociceptive impulses (1) and stimulation of higher sense 
organs (2) may greatly enhance convulsive activity. The present study 
is concerned with the role of proprioceptive impulses in convulsions. 
No systematic investigations seem to have been made on this problem 
although clinical observations since Hughlings Jackson suggest that 
they may modify convulsive activity. The present work is based on 
the influence of proprioceptive impulses on cortically induced after- 
discharges as well as on chemically induced convulsions. 


Methods 

The experiments were performed on cats and monkeys (Macacus 
Rhesus) in ,, Dial ” anesthesia (0.45 cc per kilogram i.p.). Potentials 
were amplified and recorded with an Offner inkwriter from various 
parts of the cortex. Bilateral silver electrodes having an interelectrodal 
distance of 1 to 2 mm were used. Muscular activity as indicated by 
electromyograms was recorded with the same apparatus by means of 
fine copper wires bared for a few mm and sewn into several muscles. 
Deafferentation of posterior roots of the fore- and hindleg segments 
followed standard procedures. Proprioceptive impulses were elicited 
either by stimulation of the peripheral end of S 2 as used by Cooper 
and Creed (3) or by fixation of an extremity since previous work (4, 5) 


P) Aided by a grant from the Office of Naval Research. 
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had shown that proprioceptive impulses resulting from fixating a joint 
at the appropriate angle greatly increase the muscle response under 
conditions of cortical stimulation. 


Results 

I. — Proprioception and after discharge. 

Figure i illustrates the effect of fixation of the elbow at an acute and 
an obtuse angle on the response of biceps and extensor carpi as a flexor 
point of the motor cortex (Area 4) is stimulated in the monkey. The 
wrist is not fixated and remains in the same (volar) position. It is 
clearly shown that a stimulus which elicits only a minimal afterdischarge 
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in biceps and extensor carpi when the elbow is fixated at an acute angle 
greatly increases the afterdischarge when the elbow is held at an obtuse 
angle. The figure shows also that the amplitude of the EMG is greatly 
increased while the elbow is fixated at an obtuse angle. This illustrates 
the principle studied earlier that increasing the initial length of a muscle 
increases its response to cortical stimulation (4, 6) and that this effect 
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Fig. 2 

Effect of deafferentation on afterdischarge, showing change from tonic to clonic type 
of afterdischarge. Cat, left tibialis. Left column, control series. Right column, 
after deafferentation. Intensities of right motor cortex stimulation : A. 4.0 V; B. 5.5 V; 
C. 7.3 V. All at frequency of go/sec. Calibration 100 microvolts and 1 second. 


is greatly magnified by fixation of a joint so that contraction proceeds 
isometrically. The fact that amplitude of EMG and afterdischarge 
are increased under similar conditions suggests that the same factors 
are operative. Earlier experiments (6) suggested that the EMG under 
conditions of cortical stimulation is directly related to the number of 
discharging neurons. Since lengthening of a muscle and fixation of a 
joint greatly increase the amplitude of EMG to a standard cortical 
stimulus and since this effect is absent after deafferentation (7) it was 
inferred that proprioceptive impulses facilitate the cortically induced 
response and thereby increase the number of discharging neurons. 
This interpretation seems to be applicable to the phenomenon of after- 
discharge as shown in figure 1. 

If proprioceptive impulses intensify the afterdischarge it was to be 
expected that deafferentation would diminish it. This is indeed the 
case. Figure 2 illustrates a typical experiment in which the effect on 
EMG and afterdischarge of stimulation of the motor cortex with different 
intensities is demonstrated. It is clearly seen that the duration of the 
afterdischarge is greatly diminished after deafferentation. Moreover, 
its character is altered inasmuch as it seemed to be of a tonic nature 
in the normal cat but was clonic in appearance after deafferentation. 
This discontinuous form of the afterdischarge after deafferentation is 
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distinctly seen in the EMG of figure 2. In other experiments deaffe- 
rentation caused only a reduction in the quantity of the afterdischarge 
without altering its quality. 


II. — Proprioception , strychnine spikes , and strychnine convulsions. 

Numerous experiments were performed in cats and monkeys on the 
influence of proprioceptive impulses on convulsive cortical activity 
induced by topical application of small pledgets of strychnine. The 
stimulation of the peripheral end of the motor root S x was used to induce 
afferent proprioceptive impulses. It has been shown previously that 
proprioceptive impulses thus induced exert distinct effects particularly 



Fig. 3 

Monkey. Dial anesthesia. Effect of stimulation (arrow) of the peripheral end of 
Si (1.3 V, go/sec.) on strychnine potentials of the contralateral face and hindletr area. 
Calibration 300 microvolts and one second. 
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of the strychnine potentials decreases. The results of these experiments 
are similar to those obtained when the effect of nociceptive impulses 
was studied on convulsive potentials (1). 

In another series of experiments an attempt was made to determine the 
action of passive movements on topically induced convulsive cortical 
potentials. This form of proprioceptive stimulation is far less effective 
in ,, Dial ” anesthesia than that induced by stimulation of the peripheral 
end of a centrally sectioned motor spinal root but in several experiments 
positive effects could be obtained. Thus figure 5 shows that passive 


Fig. 5 

Effect of passive flexion of the hindleg (arrow) on the frequency of strychnine potentials 
in the contralateral sensori-motor cortex of the cat. Calibration 300 microvolts and one 
second. 


flexion reversibly diminished the frequency of convulsive discharges 
in the contralateral sensori-motor cortex. Since such effects could not 
be elicited by touch and pressure on the skin it may be inferred that 
the action on the strychnine potentials of the cortex of passively moving 
a joint is due to proprioceptive impulses. 

In a final series of experiments pledgets of strychnine were applied 
to the exposed dorsal columns of the spinal cord and convulsive move- 
ments were recorded from several muscles by means of EMG’s. After 
a steady state had been reached the skin of one hind leg was separated 
from its underlying tissue and, in the second phase of the experiment, 
the posterior roots receiving their supply from this hind leg were ligated. 
This procedure was then repeated on the other side. These experiments 
gave very uniform results (Table I) showing that ,, skinning ” had no 
significant effects on the number of convulsive movements but that 
deafferentation abolished them. The data indicate that at least in this 
particular form of chemically induced convulsions proprioceptive 
impulses play a predominant role in the maintenance of convulsive 
movements. It is, of course, not inferred from these experiments that 
cutaneous stimuli are without effect on convulsive movements or 
potentials but only that this form of stimulation is negligible under 
the experimental conditions (,, Dial ” anesthesia) chosen for this 
investigation. 
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Table I 

Number of convulsive movements follozving strychninization of posterior columns of the cat (') 



Movements 

per minute 

: 

Right tibialis 

Left tibialis 

Control 1 15 

1 J 

1 i 

15 

Skinned i 20 

' 

I I 

< 1 

Deafferented j 1 i 

O 


Discussion 

The experiments described in this paper furnish evidence, on the 
basis of the study of afterdischarge and chemically induced convulsions, 
for the fact that convulsive potentials and movements are greatly 
influenced by proprioceptive impulses. Fixation of a joint leads through 
proprioceptive reinforcement not only to an increased amplitude of the 
EMG in response to a standard cortical stimulus but also to an increased 
afterdischarge. The roles previously established for this proprioceptive 
facilitation are valid for afterdischarges. It was shown earlier that biceps 
and extensor carpi form a functional complex in conditions of cortical 
(3 a, 4, 5) and reflex (9) stimulation. Proprioceptive reinforcement of one 
component (e.g. of the biceps) leads to an intensification of the motor 
discharge in the other component of this complex. A similar statement 
applies for the triceps complex. That this role is valid for the after- 
discharge was illustrated in figure 1. However, the proprioceptive 
facilitation may remain restricted to the stretched and fixated muscle. 
Depending on the intensity of the cortical stimulation and the degrees 
of proprioceptive reinforcement induced by stretching and fixation of 
the proper joint the afterdischarge may vary within wide limits. Appa- 
rently the thresholds for a muscular response and afterdischarge are 
lowered by proprioceptive reinforcement (e.g. fixation of elbow at an 
obtuse angle if a biceps point is stimulated) and raised by proprio- (*) 

(*) A 2 X 3 mm piece of filter paper soaked in 3 % strychnine was placed at Lj in 
„ Dial ’’-cat. Skinning and deafferentation of the right hindleg preceded similar pro- 
cedures at the left. The convulsive movements were recorded by means ot E.M.G. s. 
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ceptively reinforcing the antagonist (fixation of elbow at an acute angle 
in the present example). That afterdischarge may persist after deaffe- 
rentation as has been observed by the Sherringtonian school (cf 12) 
has been confirmed in our experiments on cortical stimulation. It was 
also found that deafferentation diminishes the duration and tonicity of 
cortically induced afterdischarge. 

The changes in focal strychnine spikes of the cortex resulting from 
proprioceptive impulses are similar to those following stimulation of 
nociceptive receptors. In an earlier study (1) it was emphasized that 
other conditions being equal the weaker stimulus tends to decrease the 
frequency of convulsive discharges whereas the stronger stimulus 
increases their frequency. It was assumed that the former change was 
due to asynchrony of discharge whereas the latter resulted from 
asynchrony plus recruitment of previously discharging neurons (cf also 
(11), and the older literature cited in this paper). These factors may 
account for the alteration in cortical spike frequency reported in the 
present investigation although no relation could be established between 
the intensity of the peripheral stimulation of S x and the change in 
direction of the frequency of cortical spikes. However it must be 
born in mind that the relation between the intensity of S 1 stimulation 
and the number of excited, proprioceptive nerves (and their rate of 
discharge) is not known ( 1 ). Apparently the type cf change in spike 
frequency depends to a considerable degree on central factors. In 
several animals it was observed that the same stimulus which at an 
earlier phase ( 2 ) of the experiment induced an increase in the rate of 
convulsive discharge later caused a decrease. This suggests that the 
degree of recruitment following afferent stimulation depends on the 
degree of strychnine spiking. 

The change in spike frequency was greater in the hindleg area on 
stimulation of S x than in the foreleg and face area as was to be expected 
from similar experiments involving the normal nonconvulsive cortex. 
In these studies a similar gradient of excitation was noted with the 
maximal excitation in the contralateral hindleg zone of area 4. 

When moderate convulsive movements were induced in the hindlegs 
by topical application of strychnine to the dorsal columns in a lumbar 
segment, the role of proprioception could be readily demonstrated, since 
convulsive activity was practically unaltered by elimination of cutaneous (*) 

(*) It is planned to resume work on this problem by studying the effect on spike 
potentials of the motor cortex of stimulating proprioceptive fibers with varying inten- 
sities and frequencies. 

(-) The spike frequency was then somewhat lower than later. 
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receptors but disappeared after deafferentation. If through intrave- 
nous injection of convulsive drugs generalized convulsions were pro- 
duced, there was, in agreement with older observations (Mott and 
Sherrington, 10), no significant difference between normal and 
deafferented legs. However, in view of the overwhelming evidence of 
the general action of afferent impulses in precipitating and intensifying 
convulsions (1, 2) and the particular role of proprioceptive impulses 
described in this paper these negative experiments are hardly significant. 
It seems to be probable that the high degree of convulsive activity 
which characterizes generalized convulsions is less easily diminished by 
factors influencing convulsions than are the milder topically induced 
spike potentials and convulsive movements in which the action of 
proprioception could be clearly shown. 


Summary 

The role of proprioception in convulsive activity was studied by its 
action on topically induced strychnine potentials and movements and 
on the form and degree of afterdischarge resulting from stimulation of 
the motor cortex in anesthetized cats and monkeys. 

It was found that the afterdischarge is significantly decreased after 
deafferentation and that in some experiments the tonic component of 
the afterdischarge is decreased. In such cases the tonic afterdischarge 
seen in the normal muscles may be changed into a clonic afterdischarge 
after deafferentation. Conversely it was found that under conditions 
of fixation of the proper joint the afterdischarge was increased on 
cortical stimulation as a result of increased proprioceptive impulses. 

Strychnine spikes induced in the sensori-motor area are either 
increased or decreased in frequency when proprioceptive impulses 
impinge upon the cortex as a result of stimulation of the peripheral 
end of a motor lumbar root. It is noted that proprioceptive impulses 
originating in the hindleg muscles alter the convulsive spikes more in 
the hindleg- than in the foreleg- or face-area of the contralateral motor 
cortex (area 4). In sensitive preparations passive movements may 
likewise result in alterations in frequency of the convulsive activity of 
the sensori-motor cortex. 

Convulsive movements of the hindleg resulting from application of 
strychnine to the posterior columns of the lumbar spinal cord are 
abolished by deafferentation although elimination of cutaneous receptors 
exerts no significant influence on these convulsions. 
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In 1937 Bovet and Staub (i) demonstrated that certain dialkylamino- 
alkyl ethers derived from phenols have the property of counteracting 
the action of histamine. The serious toxic reactions (2) produced by 
the most active compound in this series, thymoxyethylenediethyl- 
amine (I), and the discovery of the potent ethylenediamine series of 
antihistaminic agents discouraged further investigation of compounds 
of this type. Several years ago, in the course of a systematic study of 
the structure necessary for antihistaminic activity, dialkylaminoalkyl- 
phenolic ethers were reinvestigated in these laboratories. 
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One of the compounds tested, 2 -(/S-dimethylaminoethoxy) diphenyl- 
methane ( x ) (II), was found to have an antihistaminic activity of greater 
than twice that of benadryl. 

(*) This compound and many related phenolic ether compounds have been prepared 
independently in the Bristol Laboratories (3). 
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The low toxicity of this compound coupled with the relatively strong 
action encouraged us to study the effects of nuclear substitution on 
antihistaminic activity in this series. The activities of the substitution 
products were compared with that of benadryl by a method previously 
described (4) which employs the isolated guinea pig intestinal muscle. 
The effects of nuclear substitution are presented in Table I. 

Table I 

The Effect of Nuclear Substitution on Activity Expressed 
On a Molar Basis with Benadryl = 1 


R R' 



No. 

R 

R' 

Activity 

I 

H 

H 

2.1 

2 

H 

4 "WOC 3 H; 

0.2 

3 

H 

4 -C 1 

1.8 

4 

H 

4-CH3O 

0.05 

5 

H 

3-CH3 

°-5 

6 

5-4~QjH 9 

H 

0.05 

7 

5 -CH 3 

H 

2.3 

8 

4-CH3 

H 

2-5 

9 

3-CH3 

H 

0.2 

IO 

5-CH3O 

H 

0.2 

II 

4-CH3O 

H 

o -55 

12 

3-CH3O 

H 

O. I 

13 

s-ci 

H 

3-1 

14 

4 -C 1 

H 

1.6 

15 

3 -C 1 

H 

0. 1 

l6 

S-Cl 

2,4-diCl 

0.05 

17 

5 -Cl 

4 -C 1 

I-S 

18 

! s-ci, 4-CH3 

H 

1.8 


Nuclear substituents in the benzyl portion of the molecule, ring B, 
produced less active compounds. More encouraging results were 
obtained from substituents in the phenolic nucleus, ring A (Table I). 
Although all substituents at position 3 had an unfavorable influence, 
introduction of a methyl group at positions 4 and 5 resulted in a slight 
increase in activity. Maximum activity, as measured by the isolated 
muscle technique, was obtained when a chlorine atom was located at 
position 5 of ring A. The three polysubstituted products (Compounds 
16, 17, 18 of Table I) were less active than the parent compound (II)- 
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As would be expected from earlier work (5), an increase in the length 
of the ethylene side-chain led to less active compounds. Moreover, the 
substitution of other basic groups for the dimethylamino function 
resulted in diminished activity. 


Table II 

The Effect of Side Chain Variation on Activity 


Ri 



r 2 


No. 

: R > 

R; 

j Activity 

1 

i H 

-CH 2 CH 2 N(CH 3 ) 2 

■ 

2.1 

t 9 

! H 

-ch 2 ch 2 nhch 3 

0 . 6 

20 

i H 

-CH 2 CH 2 N(C 2 H s ) 2 

0.9 

21 

i 

I H 

1 

-CH 2 CH 2 i^ j 

0.3 

22 

1 H 

-CH 2 CH 2 CH 2 N(CH 3 ) 2 j 

1 . 1 

23 

' H 

1 1 

~CH 2 CH 2 CH 2 N(C 2 H 6 ) 2 | 

1.0 

24 

25 

! H 

H 

| 

i -CHoCH 2 CH 2 n I 

rwr ^NH N_ 
-^ rt2U \N( CH3 ) 2 | 

0.6 

0.2 

26 

H 

- CH ’ c <fO 

1 

0.2 


1 

t 

1 

H 


27 

. 1 

| H i 

1 

P a 

-CH-CH 2 N(CH 3 ) 2 (‘) 1 

1 i 

0.05 


l 

1 

1 i 

ch 3 


28 

H | 

1 

-CH 2 -CHN(CH 3 ) 2 ( ] ) 

4-4 



ch 3 


29 i 

4CH3 

-CHoCH(CH 3 )N(CH 3 ) 2 (-) 1 

3-5 

30 

5 C 1 1 

-CH 2 CH(CH 3 )N(CH 3 ) 2 (*■*) • 

3-2 


Branching of the ethylene side-chain had a profound effect on ability 
to relax histamine induced spasm in the isolated muscle strip. Although 
attachment of a methyl group to the carbon atom in the beta position 
to the dimethylamino function (Compound 27) destroyed activity, the 
shift of this methyl group to the alpha carbon atom produced the most 

(*) The structure of these isomers was established by unequivocal syntheses, the details 
of which will be published elsewhere. 

( : ) This compound was prepared by Dr. D. E. Morrison of these laboratories. 
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active compound in this series (Compound 28). The combination of 
the dimethylaminoisopropyl side-chain with the most potent nuclearly 
substituted phenols, (Compounds 28 and 30), did not produce a summa- 
tion of activity. 

Both the o-isopropyl group of Fourneau’s thymoxyethylene-diethyl- 
amine (1) and the o-benzyl group of our compound (II) would be expected 
to increase the basicity of the adjacent oxygen atom. In order to deter- 
mine whether this increased basicity was of prime importance for high 
antihistaminic potency, other groups, such as f-butyl, cyclohexyl, 
benzhydryl, and a-naphthylmethyl, which have an effect similar to the 
benzyl group, were introduced into the position ortho to the ether 
function. All of these compounds had a very low activity. The shift 
of the o-benzyl group to the position para to the ether linkage likewise 
produced an inactive compound. 

The final structural modification made was the replacement of the 
etheral oxygen by a nitrogen atom and closing of ring. It had been 
noted that the diphenylmethane portion of Compound I may closely 
approximate that of a tricyclic ring system. The substitution of a 
trivalent nitrogen for the oxygen atom of this compound permitted ring 
closure, yielding N-dimethylaminoethyl-acridan (III) ( 3 ). This com- 
pound, conveniently prepared from acridan and dimethylaminoethyl 
chloride, was found to have an in vitro activity of 7.5 times that of 
benadryl. The structurally similar compound N-dimethylaminoethyl- 
carbazole was without activity. An investigation of the effect of nuclear 
substitution and side-chain modifications on the antihistaminic activity 
of N-dialkylaminoalkylacridans is in progress. 

Two compounds in this series were subjected to a detailed pharma- 
cological study. These were the highly active acridan derivative or 
compound III, and compound 13 of Table I, an active representative of 
the phenolic ether type. 

Histamine Aerosol. — Each of these compounds as the hydrochloride 
was compared with pyribenzamine with respect to its ability to protect 
guinea pigs from the lethal effect of a histamine aerosol. The proce- 
dure followed was that previously published (4). Compound HI was 
about 1/7 and compound 13 about 1/17 as active as pyribenzamine 
by this test. 

Blood Pressure Effects. — In anesthetized cats, the intravenous injec- 
tion of these drugs, r-io mg./kg., caused a sharp fall in mean blood 

( J ) This compound has been prepared independently by Freese, Hambourger and 
Michiels (6). 
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pressure with slow recovery. The transient depressor responses of 
small doses of histamine, 0.5 — 1.0 pg., were completely nullified after 
the administration of these antihistamines. In contrast, the responses 
of acetyl-^-methylcholine iodide were unaffected. The blood pressure 
rise due to the injection of epinephrine was potentiated by compound 13, 
an action noted with other antihistamine drugs (7). The acridan 
compound on the other hand depressed the epinephrine response. 
This has been reported to be true with neohetramine ([2-N-dimethyl- 
amino ethyJ-N-p-methoxy benzyl] -amino pyrimidine HCt) (8). 

Capillary Permeability. — Since the clinical symptoms of hay-fever 
are thought to be concerned with capillary permeability changes in the 
nasal mucosa, these two compounds were studied with regard to their 
influence on permeability changes caused by histamine. The method 
used was that described by Last (9). Both substances exerted a 
significant inhibitory action on histamine wheals in rabbits’ skin when 
they were injected subcutaneously at a dose level of 20 mg./kg. 

Antianaphylactic Effects. — Guinea pigs, sensitized by preliminary 
injections of horse serum one month in advance, were able to resist 
the lethal result of challenging doses of the antigen injected by vein if 
they had been treated one hour previously with either compound 13 
or the acridan derivative. This was evidenced by the significantly greater 
mortality in the untreated control group of sensitized animals in contrast 
to the antihistamine treated. Effective doses varied from 1 to 10 mg./kg. 


Toxicity. — The acute toxicity of these drugs in rats and mice is 
compared with values previously found (4) for pyribenzamine and 
benadryl in the following table : 


Compound j 

Animal 

Route of Administration 

| LD 50 ± S.E. mg./kg. 

!3 | 

Mouse 

i.v. 

1 

53.0 ± 4.0 

13 

Rat 

Oral 

1448.0 ± 129.0 

III 

Mouse 

i.v. | 

41 . I i 1.2 

111 

Rat 

Oral 

554.0 ± 66.0 

benadryl 

Mouse 

i.v. I 

29.7 i 1.67 

pyribenzamine j 

Mouse 

i.v. | 

18.26 ~ 0.6 


Rats fed diets incorporating these drugs in concentrations of 0.02, 
0.05, 0.1, and 0.2 % in a manner described by Anderson (10), survived 
a 30 day test period. Only the animals on the higher doses gained 
weight at a slower rate than normal. All animals when necropsied 
showed no evidence of damage, either grossly or microscopically, indi- 
cating that both compounds are well tolerated by rats. 

A clinical investigation of these compounds is in progress. 
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Summary 

A study has been made of the effect of substitution, side-chain varia- 
tion, and other structural changes on the activity of a series of anti- 
histaminic agents derived from diphenylmethane. 

The most potent compounds prepared, 2-(/J-dimethylaminoethoxy)- 
5-chlorodiphenylmethane, 2-(jS-dimethylaminopropoxy) diphenylmethane 
and N-dimethylaminoethylacridan had antihistaminic activities of 3.1, 
4.5 and 7.5 respectively (benadryl = 1). 

The acridan compound and 2-(/S-dimethylaminoethoxy)-5-chloro- 
diphenylmethane were examined in a more detailed fashion. Both 
counteracted most of the pharmacological responses of histamine and 
were effective in relieving anaphylactic shock in guinea pigs. In 
animal tests both compounds were significantly less toxic than pyri- 
benzamine and benadryl. 

We wish to acknowledge the invaluable assistance of Dr. P. N. Harris, Mr. R. C. 
Anderson and Miss Marilyn Masters in the investigations. 
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ACTION DU CAMPHOSULFONATE DE QUININE 
SUR LE TRAVAIL CARDIAQUE CHEZ LA GRENOUILLE 


PAR 

J. LOBATO GUIMARAES 


(Travail refit le 10 - 2 - 1949 ) 


Le camphosulphonate de quinine est, comme on le sait, le sel derive 
de l’action de l’acide camphosulfonique sur la base alcaloi'dique — la 
quinine. Ce sel a, selon quelques auteurs (1), des proprietes pharma- 
codynamiques interessantes vu qu’il joint l’action excitante du camphre 
sur le cceur aux proprietes pharmacologiques de la quinine, dont Paction 
depressive sur la fibre cardiaque, connue depuis longtemps, peut ainsi 
etre equilibree. 

L’action du camphre comme analeptique cardiaque a ete l’objet de 
plusieurs etudes et de vives discussions. On a meme nie au camphre 
toute valeur de stimulant cardiaque. La 24 me edition de PUnited States 
Dispensatory signale que, bien que la drogue jouisse en Europe d’une 
grande reputation comme analeptique dans certaines depressions 
cardiaques, sa valeur en clinique, si elle en a une, ne peut etre etablie 
que par des etudes plus precises. Et Sollmann ecrit, dans la derniere 
edition de sa Pharmacologie, que l’usage du camphre, pour reanimer 
le coeur, n’est pas fonde sur des epreuves decisives et qu’il est decon- 
seille par d’eminents cliniciens. Cependant, ce meme auteur note que, 
sous des conditions experimentales favorables, le muscle cardiaque 
deprime peut etre ameliore dans son travail par Paction du camphre, 
et les arythmies peuvent etre supprimees. 

Les auteurs europeens sont moins categoriques dans la condamnation 
du camphre comme analeptique cardiaque. Bien au contraire, plusieurs 
d’entre eux Padmettent (Richaud, Velazquez, Gaddum), ct preconisent 
meme l’emploi clinique de ce produit. 

Dans une revision d’ensemble de Paction pharmacodynamique du 
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camphre, Jean Regnier et Suzanne Lambin (2) concluent que {’experi- 
mentation confirme l’opinion clinique de Taction favorable du camphre 
sur l’appareil cardio-vasculaire, pourvu que dans l’etude pharmacodyna- 
mique on se place dans certaines conditions determinees : emploi de 
doses faibles, utilisation d’animaux avec le cceur en deficience fonctionnelle 
par l’effet de depresseurs du travail cardiaque, se rapprochant ainsi des 
conditions cliniques. Finalement, il faut prendre en consideration les 
actions indirectes sur le cceur ou actions extracardiaques du camphre. 

L’action analeptique du camphre etant admise, et etant donnes les 
inconvenients de sa faible solubilite dans l'eau exigeant des solutions 
huileuses dont l’absorption par l’organisme est lente, on a recherche la 
possibility d’utiliser des formes ou derives solubles. De la l’emploi des 
camphosulf onates . 

Les sels de l’acide camphosulfonique conservaient, d’apres les recher- 
ches de plusieurs experimentateurs, les proprietes pharmacodynamiques 
du camphre sur le cceur. Ainsi le camphosulfonate de sodium, d’apres 
la verification de Larde (3), peut vaincre I’arret provoque par le potas- 
sium sur le cceur de la grenouille « in situ ». Cette constation s’accordait 
avec les resultats obtenus par L£vy et Beaune (4) et ceux de Henrijean 
et Waucomont (5). Les memes resultats sont confirmes par les expe- 
riences de Regnier et Lambin, qui ont verifie pour les camphosulfonates 
de sodium et d’ethylenadiamine la capacite de reanimer les mouvements 
cardiaques inhibes par le potassium avec l’apparition, en genera], d’une 
augmentation d’amplitude et d’un ralentissement du rythme primitif. 
Ces auteurs n’ont pas constate d’appr6ciables differences entre les divers 
camphosulfonates experimentes, mais ils croient que pour obtenir des 
effets semblables il faut employer des doses plus elevees pour les derives 
du camphre que pour le camphre lui-meme (2). 

Puisque les proprietes pharmacodynamiques du camphre se verifiaient 
pour les derives de l’acide camphosulfonique, on pouvait s’attendre a 
d’interessantes actions pharmacologiques du camphosulfonate de qui- 
nine, car les actions de la quinine doivent logiquement s’ajouter aux 
actions toniques du camphre. 

L’action du camphosulfonate de quinine sur le cceur de la grenouille 
a ete verifie par Ruiz Gij6n et Centenera (6), qui ont etudie ses effets 
en employant la perfusion du cceur par la methode de Clark, en mesurant 
le volume-minute par la technique utilisee par Bulbring (7), et encore 
en faisant des observations electrocardiographiques. Comparant les 
actions du chlorhydrate et du camphosulfonate de quinine, les auteurs 
arrivent a la conclusion que ce dernier l’emporte sur le chlorhydrate 
par son action plus homogene sur le myocarde, par une toxicite moindre 
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et une compensation plus rapide de ses effets. D’apres les memes 
auteurs la frequence cardiaque ne se retablit.pas si rapidement avec le 
Csq (on abregera ainsi desormais, a l’exemple de Gij6n, la designation 
du camphosulfonate de quinine) qu’avec le chlorhydrate de quinine, 
ce qui peut etre explique par Faction du camphre venant s’ajouter a 
celle de la quinine. Cette circonstance aurait un interet tout special pour 
les cas de perturbations du rythme dans lesquelles on emploie la quinine. 

L’action antifibrillante et regulatrice du rythme cardiaque de la 
quinine est renforcee dans le Csq par le camphre qui, d’apr^s quelques 
auteurs, a egalement des proprietes antifibrillantes. Ainsi R£gnier et 
Lambin (2), deja cites, disent qu’on peut considerer suffisamment 
prouvee l’action inhibitrice du camphre sur les fibrillations cardiaques, 
comme le confirment les travaux d’ auteurs divers, p. ex. ceux de 
Boruttau (experiences avec des animaux a sang chaud) et de Grossmann 
(qui utilisa des coeurs de grenouille). Ces resultats sont toutefois contre- 
dits par les experiences de Van Dongen (8), qui nie Taction anti- 
fibrillante experimentale du camphre. Selon R^gnier et Lambin cette 
action est difficile a comprendre si l’on admet que les fibrillations 
-cardiaques sont dues a une augmentation de l’excitabilite cardiaque, 
mais elle s’interprete facilement lorsque Fon admet la notion d’une 
stimulation cardiaque par le camphre, et si nous admettons avec De 
Boer, Frolich et Grossmann, que ces fibrillations cardiaques sont 
dues & un etat d’epuisement relatif du cceur. 

Les pneumonies fourniraient une autre occasion pour Femploi du 
Csq. Dans ces cas, Faction stimulante du camphre sur le cceur et sur 
la respiration, tout en ameliorant la petite circulation par dilatation des 
vaisseaux coronaires, et par stimulation centrale de la respiration, 
s’ajouterait a Faction antipneumococcique bien connue de la quinine. 

Comme le pH influence les conditions du travail cardiaque, ce que 
ScHMELEw(g) a etudie en particulier pour les cas de Faction du camphre 
sur le cceur de la grenouille, Ruiz Gijon et Centenera ont etudie les 
modifications du pH dans les solutions de Csq employees dans leurs 
experiences et ils ont trouve des differences si petites dans la valeur 
du pH, par rapport au solute de Ringer, qu’on peut les negliger. 


Experiences — Technique 

Dans nos experiences, nous avons etudie Faction du Csq sur le 
volume-minute du cceur de la grenouille perfuse « in situ » avec du 
liquide de Ringer, et en faisant usage du dispositif decrit par Velazquez, 
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Bayo et Figueras (io) permettant l’enregistrement graphique du vol.- 
min. sans avoir a le mesurer constamment comme ce serait le cas si 
Ton employait la technique que Bulbring a decrite (7). 

Ce procede consiste a faire la perfusion du coeur de la grenouille 
avec du liquide de Ringer, que Ton fait entrer par une canule commu- 
niquant avec la veine cave, un peu avant le sinus veineux, et qui sort 
par l’aorte gauche, la droite ayant ete liee. Le liquide passe dans une 
autre canule, traverse un dispositif oh Ton peut faire varier la resistance 
peripherique, pour etre finalement regru dans un tube en verre, dont 
la base s’ouvre chaque minute, grace a un interrupteur electrique 
automatique. A l’interieur de ce tube en verre se deplace un flotteur 
ayant des encoches par ou passe le liquide, et muni d’une tige ou est 
fixe un stylet inscripteur. A la canule afferente de la veine cave est adapte 
un robinet en verre a deux entrees permettant la communication avec 
l’un ou l’autre des deux recipients a hauteur reglable ou se trouvent 
le liquide de Ringer et la solution a etudier. 

On realise ainsi, on le voit, un dispositif analogue a celui de Starling 
pour les animaux a sang chaud, et dans lequel on peut faire varier la 
pression d’afflux au coeur, et aussi les resistances peripheriques, facteurs 
importants dans l’etude du travail cardiaque. 

La hauteur du recipient qui contient la solution de Ringer ou la 
solution a etudier, hauteur qui indique la pression 'd ’afflux, et la hauteur 
de l’eau dans le tube, qui donne la mesure des resistances peripheriques, 
etaient toujours reglees de fa<;on a obtenir le maximum de ren dement 
cardiaque, reglage qu’on ne reussit qu’avec une certaine pratique. On 
peut dire, toutefois, qu’en moyenne on employait une hauteur de 5 centi- 
metres pour le niveau superieur du liquide de perfusion (difference 
entre ce niveau et la canule d’entree dans la veine cave), hauteur qui 
donne la mesure de la pression d’afflux, et on employait une pression 
d’eau de 3 a 4 centimetres pour les resistances peripheriques. Ces deux 
facteurs (pression d’afflux et resistances peripheriques) etaient maintenus 
constants pendant la duree de chaque experience, et dans ce but on 
pouvait regler la hauteur des recipients contenant le liquide de perfusion, 
comme il a ete dit. 

Chaque systole cardiaque envoie dans la burette (ou tube en verre 
a l’interieur duquel se deplace vertical ement le flotteur) un volume de 
liquide correspondant au volume systolique, et qui fait monter propor- 
tionnellement le flotteur. Comme le cylindre enregistreur poursuit son 
mouvement, le stylet decrit un trait horizontal correspondant a la 
diastole, puisque pendant la duree de celle-ci aucun liquide ne passe 
plus a la burette. II en resulte une ligne montant en gradins jusqu’a 
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ce que, a la fin d’une minute, l’ouverture de la base de la burette provoque 
le vidage brusque et oblige le stylet, qui a atteint le haut de l’escalier 
du graphique, a decrire une ligne verticale de descente, initiant imme- 
diatement une nouvelle ascension. 


On peut done etudier, en observant les graphiques resultant de 1’in- 
scription du stylet sur le papier noirci du cylindre, en plus du vol.- 
min., donne par la hauteur du graphique, le volume systolique, repre- 
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Graph. I 

Marche de Taction du camphosulfonate de quinine sur le coeur de la grenouille. 
Volumes-minutes obtenus a partir du commencement de Taction du camphosulfonate 
de quinine, dilue dans du solute de Ringer, aux concentrations indiquees. 

(Le trait interrompu horizontal indique le vol.-min. donne par l’ecoulement passif 
du liquide pour la m£me pression d’afflux des experiences). 


sente par la hauteur de chaque marche de l’escalier decrit, la duree de 
chaque diastole, constatee par l’extension du plateau horizontal de 
chaque gradin, et aussi la frequence cardiaque, ou nombre de marches 
d’escalier, e’est-a-dire, de systoles par minute. 

II est evident que la relation entre la hauteur d’un gradin et 1’ extension 
de sa partie horizontale depend aussi de la vitesse du cylindre sur lequel 
le graphique est enregistre. La vitesse choisie nous semble etre la plus 
convenable en notre cas. 


Nous avons utilise une solution de Ringer ayant la composition 


suivante : 


Cl : Ca — 30 centigrammes 

C1K — 20 centigrammes 

C0 3 HNa — 15 centigrammes 

CINa — 6 grammes 

Pour un litre d’eau distillee. 


Les dilutions employees ont varie de 1/2.500 a 1/ 10.000.000. La 
Rana csculetita a etc utilisee, en choisissant de preference les grenouilles 
dc poids superieur a 50 grammes, vu que les animaux les plus gros 
donnent un meilleur vol.-min. 
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Les experiences ont ete effectuees aux mois de septembre et d’octobre. 

Le Csq utilise a ete aimablement cede de Madrid par le Prof. Ruiz 
Gijon. La m6me substance a ete employee par cet auteur dans le 
travail cite. C’est le produit cristallise prepare par la maison Abello 
avec les caracteristiques suivantes : substance cristallisee en aiguilles, 
tres soluble dans l’eau et Talcool, insoluble dans Tether et dans la plupart 
des dissolvants des graisses, de saveur amere. Les solutions dans Teau 
donnent la fluorescence bleue de la quinine, et ont une reaction legere- 
ment acide au papier de tournesol. Point de fusion 2 io° C. 


Resultats 

Le graphique I montre les courbes de la marche de Taction du Csq 
sur le vol.-min. du cceur de la grenouille. En ordonnee s’inscrivent les 
centimetres cubes atteints par le vol.-min., en abscisse le temps en 
minutes a partir du commencement de Taction du solute de Csq. 

Chaque courbe represente la marche de Taction pour une certaine 
dilution, et traduit la moyenne des valeurs obtenues pour cette dilution, 



Graph. II 

1. Perfusion avec du Ringer. 2. Perfusion avec du Csq dilue a 1/100.000 dans du 
Ringer. 


puisque plusieurs determinations ont ete faites pour chaque concentra- 
tion. La variation du rendement cardiaque sous Taction de diverses 
concentrations du medicament peut de cette fafon etre observee, le 
travail cardiaque etant mesure par le vol.-min. circulatoire. 

D’apres ce graph. I, ce n’est que pendant les premieres minutes 
d ’application du Csq et rien qu’avec des dosages tres faibles (moins 


CAMPHOSULFONATE DE QUININE 


131 


de 1/100.000) qu’on peut verifier une legere excitation, c’est-a-dire, 
une legere augmentation du vol.-min. (Graph. II, 2). En continuant 
la perfusion, on voit surgir une action depressive caracterisee par une 
diminution du vol.-min., qui s’accentue progressivement. L’excitation 
est tres petite et fugace. Elle est d’ailleurs inconstante. (Nous nous 
referons a des cceurs normaux, c’est-a-dire, n’ayant pas ete deprimes 
avant Taction du Csq). 




Graph. Ill 

1. 15 minutes apres perfusion avec une solution deCsq a 1/10.000.000 dans duRingcr. 

2. (Cont.) 30 minutes apr&s le Csq. 

Avec des concentrations plus fortes, Faction initiale excitante n’ap- 
parait guere, et la depression s’accuse des le commencement. 

La baisse du rendement cardiaque est d’autant plus rapide que la 
concentration est plus forte, comme l’indiquent les courbes du gra- 
phique I. 

L’abaissement du vol.-min. circulatoire s’accompagne d’une diminu- 
tion de la frequence cardiaque (action chronotrope negative). Cependant 
cette bradycardie n’est pas suffisamment intense pour expliquer toute 
la diminution du vol.-min. Cette diminution se fait principalement 
aux frais du volume systolique. En effet, on verifiait qu’aux premieres 
phases de Faction, la systole etait energique parce qu’il y avait une 
diastole prolongee, mais un peu plus tard l’intensite de la contraction 
subissait, elle aussi, Faction depressive de la quinine. La baisse du rende- 
ment cardiaque est done due principalement a une action sur le pouvoir 
de contraction (action inotrope negative). Ce fait est surtout visible 
aux fortes concentrations (Graph. I). 
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Si nous comparons Ja marche de Taction sur le vol.-min. circulatoire 
chez la grenouille du Csq et du sulfate de quinine en egales concen- 
trations, nous pourrons verifier que le sulfate de quinine provoque un 
abaissement plus rapide du rendement cardiaque quand il s’agit de 
concentrations faibles. A des concentrations fortes (i/io.ooo) le Csq 
provoque la meme chute de vol.-min. ou meme accelere la chute. Ceci 
peut etre confirm e par J’observation parallele du Graph. I et du graphique 
que nous avons obtenu (n) en etudiant Taction de la quinine sur le 
vol.-min. de la grenouillle (Graph. IV). 



Graph. IV 

Marche de Taction du sulfate de quinine sur le cceur de la grenouille. Volumes-minutes 
obtenus a partir du commencement de la perfusion au sulfate de quinine, dilue dans 
du Ringer, aux concentrations indiquees. Le trait horizontal interrompu indique le 
volume-minute donne par Tecoulement passif du liquide pour la meme pression d’afflux 
des experiences (V. Farmacoter. Act., V, 1948, Juil., n° 49, pgs. 469). 


Si, apres Taction du Csq, nous faisons a nouveau traverser le cceur 
par du liquide de Ringer depourvu de tout medicament, le vol.-min. 
augmente a nouveau, sans toutefois atteindre, en regie generate, son 
niveau initial. Pareillement a ce que nous avons trouve pour Ja quinine, 
l’intensite et la vitesse de recuperation cardiaque varient en raison 
inverse de la concentration et de la duree de Taction du Csq. Mais en 
comparant sous ce rapport le sulfate de quinine et Ie Csq, nous avons 
verifie que la recuperation cardiaque par ringage au Ringer sans le 
medicament est plus facile pour le Csq que pour le sulfate, a concen- 
tration egale, s’il s’agit de solutes assez faibles, mais elle est analogue ou 
meme plus difficile pour les fortes concentrations, ce qui s’accorde 
avec les graphiques sur la marche de Taction de ces drogues sur le vol.- 
min., ainsi qu’il a ete dit. 

Dans quelques cas, on verifie aussi que le coeur, sous Taction prolongee 
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du Csq, apres avoir par consequent subi son action depressive, et en 
continuant d’etre sous l’effet du medicament, augmentait a nouveau 
spontanement son vol.-min., bien que cette augmentation fut peu intense. 



On constatait ainsi une sorte d’accoutumance au toxique. C’est ce qu on 
peut voir sur le Graph. Ill en 1 et 2. Le meme fait a ete par nous verific 
pour le sulfate de quinidine (11). 




*34 


J. LOBATO GUIMARAES 


En etudiant main tenant 1 ’action du Csq sur des coeurs de grenouille 
qui ont subi une action pharmacologique depressive on verifie un effet 
tres net d’excitation avec augmentation du vol.-min. sur des coeurs 
intoxiques par Faction du potassium. A condition que la depression 
cardiaque causee par l’emploi du K n’ait pas ete trop prolongee, ce 
qui ne permettrait pas au coeur de reagir a nouveau en empechant 
l’augmentation du vol.-min. par Faction du Csq, ce medicament fait 
hausser le vol.-min., augmentant le rendement du travail d’un coeur 
de grenouille au prealable deprime par le potassium. II y a une premiere 
phase d’excitation nette,suivie d’une phase de depression si Fon prolonge 
Faction du Csq. Cette constatation est d’accord avec ce qu’ont trouve 
Ruiz Gij6n et Centenera (6), qui attribuent la premiere phase — 

1 ’excitation — a Faction du camphre, et la depression consecutive a 
Faction de la quinine. Le Graph. V nous montre ce comportement du Csq. 

Si dans le solute de Ringer nous faisons varier non plus le potassium, 
mais le calcium, nous verifions que la diminution du pourcentage de 
ce cation accentue Faction depressive du Csq de fayon analogue a celle 
que nous avons deja verifiee pour la quinine (u). Inversement, l’aug- 
mentation du pourcentage du Ca rend l’excitation initiale du Csq plus 
accusee pour les faibles concentrations (mais rien que pour celles-ci), 
en ajoutant a l’excitation du Csq celle du Ca, rendant aussi moins accusee 
la depression consecutive. 


Resume et Conclusions 

Nous avons fait la determination experimentale de Faction du cam- 
phosulfonate de quinine sur le volume-minute du coeur de grenouille 
(Rana esculenta) en employant la technique de Velazquez et Figueras, 
avec des coeurs isoles « in situ » et perfuses avec du Csq dilue dans du 
solute de Ringer. Nous avons obtenu les resultats suivants : 

A. — Coeurs normaux. 

1) Le Csq a une action depressive sur le vol.-min. d’autant plus 
rapide et accusee que la concentration est plus forte. (Graph. I). La 
perfusion consecutive au Ringer sans substance toxique fait augmenter 
a nouveau le vol.-min., et cette recuperation sera d’autant plus facile 
que la duree et l’intensite de Faction du Csq auront ete plus faibles. 

2) Nous avons constate parfois une petite excitation initiale (Graphs. I 
et II), mais cette augmentation initiale du vol.-min. etait inconstante 
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et toujours fugace, n’ayant lieu que pour Ies solutions tres diluees 
(moins de i/ioo.ooo). 

3) La depression du vol.-min. causee par le Csq est due a la brady- 
cardie provoquee par le medicament (action chronotrope negative), 
mais surtout a la diminution de l’energie de contraction (action inotrope 
negative du Csq). 

4) Comparant l’action du Csq avec celle du sulfate de quinine a 
concentrations egales, nous avons verifie que le Csq est moins depressif 
pour les faibles concentrations, mais qu’il est tout aussi depressif, ou 
meme plus, pour les fortes concentrations (Graphs. I et IV). La recupe- 
ration du vol.-min. par rinfage au Ringer sans medicament est egale- 
ment plus facile pour le Csq que pour le sulfate de quinine, a I’exception 
des fortes concentrations. 

5) Parfois, au cours de l’action depressive du Csq, le vol.-min. qui 
allait en diminuant, subissait une legere augmentation, traduisant ainsi 
une sorte d’accoutumance au toxique (Graph. III). 

B. — Coeurs ay ant souffert une action depressive par le K. 

6) On verifie que le Csq dilue au 1/ 100.000 a un effet d’excitation 
nette, augmentant le vol.-min. (Graph. V). Cette action n’a lieu que 
quand l’intoxication par le potassium n’a pas ete trop accusee. 

C. — Action du calcium. 

7) L’augmentation de la proportion de Ca dans le solute de Ringer 
attenue Faction depressive du Csq aux faibles concentrations : inverse- 
ment, la diminution du Ca accentue cette action de depression. 
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Introduction 

Au cours des quinze dernieres annees un grand nombre de recherches 
ont ete realisees qui conferent aux problemes inherents aux curares 
une singuliere actualite ( 3 ). C’est en 1935, l’etablissement par King 
de la formule chimique d’un constituant actif du curare en tube, la 
d-tubocurarine, C’est en 1936 la reconnaissance due en particulier a 
l’ecole anglaise, par Dale, Feldberg et Vogt, du role de l’acetylcholinc 
dans la transmission neuromusculaire, qui a permis de fixer l’apparte- 
nance des poisons de ce type au groupe des substances cholinergiques. 
Ce sont enfin les observations de Wieland, Pistor et Witkop (1937- 
1941), de Carneiro (193S-1939) et de Karrer et Schmidt (1946-1947) 
qui ont reussi a isoler a partir de differentes especes vcgetales sud- 
americaines une pleiade d’alcalo'ides dont 1’id.entite avec les constituants 
des curares indiens a pu etre solidement etablie. 

(') Notes preliminaires : C. R. Ac. Sc., 1946, -t-’j. 597 ct 1947. >733; 

(') Adrcssc actuellc: Laboratorio di Chimicn Terapeutica, Istituto Supenore di 
Sanita, Roma (Italic). 

( 3 1 On consultera sur les principc.s actifs du curare et les poisons curarFants les travauv 
d'cnscmble suivants reccmments parus : 

Bovtrr. D. et Bovet-Nitti, F. Structure et activite pbarmacodynamique des medica- 
ments du svsteme nerveux vegetatif, Kargcr, Bale. 194S. 

Bovirr, D. et Bovi:t-Xitti, F. Expcnnitin, 1948, J . 325. 

CilAic, F. L. Chcm. Rev., 1048. 4-’, 2S5. .... 

McIntvrh, A. Cumre, its natural history and clinical u«e. L niverMty C htcaro I r «*<■>.. 
Chicago, 1947. 
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En 1941-43 l’isolement de la rf-tubocurarine a partir d’une Menis- 
permacee, le Chondodendron tomentosum, par Wintersteiner et 
Dutcher, mit entre les mains des experimentateurs tant physiologistes 
que cliniciens un alcaloide chimiquement pur d’activite constante. 

En therapeutique, les travaux les plus marquants ont ete realises en 
Angleterre par West (1935), et aux fitats-Unis par Bennett (1941). 
L’application de la ^-tubocurarine a I’anesthesie chirurgicale par 
Griffith et Johnson (1942) et Cullen (1943) a ouvert aux applications 
des curares un champ duplications particulierement important. 

Nous nous sommes alors demande si, en prenant comme modele 
celui qu’offrait la structure de la ^-tubocurarine nous ne pourrions pas 
aboutir a la synthese de derives doues de proprietes analogues. 

En dehors des alcalo'ides naturels de differentes especes vegetales, 
appartenant aux families des Menispermacees, des Logagniacees et 
des Papilionacees, des proprietes pharmacodynamiques analogues a 
celles du curare ont ete signalees dans de nombreuses molecules simples, 
en particulier dans des sels d’ammonium quaternaires. 

Aucun des produits de synthese connus ne presentant, chez les 
mammiferes, une activite curarisante susceptible de se preter aux 
investigations pharmacodynamiques et aux applications therapeutiques, 
nous avons aborde l’etude de substances nouvelles dont la constitution 
devait tenir compte a la fois du modele qu’offrait la ^-tubocurarine 
naturelle, et des relations entre structure et activite qu’il etait possible 
de tirer des travaux de nos predecesseurs. 

Les recherches sur les curares de synthese susceptibles de recevoir 
une application therapeutique posent un probleme deja ancien, puisque 
en 1869 deja, Crum-Brown (i), dans un memoire sur l’activite curari- 
sante des sels d’alcaloi'des a fonction ammonium quaternaires, entre- 
voyait la possibility d’utiliser chez l’homme le sulfate de methyl- 
strychnine, le sulfate de methyl-brucine et le sulfate de methyl- 
thebaine. L’etude du iodomethylate de strychnine a ete souvent 
reprise; Chase (2) a recemment encore entrepris avec succes l’etude 
des chloro-alkylates de quinine, et S£vin (3) celle du iodomethylate 
de sparteine. La voie ouverte par Crum-Brown sans avoir ete 
completement abandonnee n’a pas fourni les resultats qu’on pouvait 
en attendre. 

Ce sont en realite Willstaetter et Heubner (4) qui en 1907 ont les 
premiers attire 1’attention sur 1’interet presente par les bases dont la 
molecule comporte deux fonctions ammonium quaternaires, en decrivant 
1’activite curarisante pour la grenouille et pour le lapin, sur lequel 


CURARISANTS DE SYNTHESE 


*39 


il agit a la dose de 60 mg/kg., de l’hydrate de tetramethylene bis-tri- 
methylammonium (i). 

HO (CH 3 ) 3 N. CH 2 .CH 2 .CH 2 .CH 2 .N (CH 3 ) 3 oh 

I 


Apres lui, Berlin (5) et Ackermann (6) ont constate que les sels 
d’ethylene bis-trimethylammonium, de trimethylene bis-trimethyl- 
ammonium et de pentamethylene bis-trimethylammonium exer£aient 
egalement une faible acitvite curarisante sur la grenouille (*). 

Rohmann et Zietan (7) en 1938 ont entrepris de nouvelles recherches 
dans ce domaine en preparant et en examinant 1’activite curarisante de 
derives pyridiniques. 

Le plus actif des produits decrits (II) paralyse la grenouille a une 

/V /\ 

\S \/ 

1 - N - CH 2 .CH 2 .O.CH 2 .CH 2 - N - 1 
II 


dose de 10 mg. correspondant a environ 250 mg/kg.; le renforcement 
de l’activite curarisante de la pyridine est done tres faible. 

On ne trouve dans aucun des travaux des differents auteurs une vue 
d’ ensemble qui permette de poser dans sa generality la probleme des 
rapports qui lient dans ce groupe l’activite pharmacodynamique a la 
structure moleculaire. 

Dans nos propres recherches poursuivies en 1946 et en 1947 et qui 
ont fait a cette date l’objet de notes preliminaires, nous avons parcouru 
trois etapes successives. 

1) Dans la premiere (8), nous avons reconnu l’activite elective du 
di-iodoethylate de bis-(quinoleyloxy-8')-i,5 pentane (3381 R.P.), et 
d’autres derives dont les molecules comportaient deux noyaux quino- 


/\/\ 




, \/\/ vv , 

1 - N I ) N - 1 

| O.CH 2 .CH».CH 2 .CH 2 .CH..O j 
C.H S C.H» 

III (3381 R.P.) 


leiniques et isoquinoleiniques a fonction ammonium quaternaire suivant 
un plan qui, dans notre pensee, evoquait celui de la J-tubocurarine. 


C) Dans deux notes rccentcs, R. B. Barlow et H. R. Inc (Anfi/rr, 194S. /6, ~iH) <1 
W. D. M. Paton et E. J. Zaimis (Nature, 16, 71S) ont sipnale Paction curariwnte intcn-c 
que manifestent les termes supericurs de la serie des sels dc polyrncthylenc b.*trij.*. .1* 
ammonium. 
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Le compose 3381 R.P. auquel nous sommes parvenus, represente le 
premier derive de synthese dont Pactivite curarisante se manifeste sur 
les mammiferes avec une electivite comparable a celle des alcaloides 
naturels du curare. 

2) La suite de nos recherches (9) nous a permis de.constater que le 
noyau quinoleiniques qui entrait dans la molecule du 3381 RP n’etait 
pas indispensable a Pactivite de la molecule. 

Nous avons oriente nos syntheses dans la voie des produits obtenus 
par condensations des aminophenols avec les dibromoalkanes, et retenu 
particulierement de notre etude le di-iodomethylate de bis-(dimethyl- 
amino-2'-phenoxy)-i, 5-pentane (3565 R.P.), a la fois plus actif et plus 
toxique que le precedent. 




f' 

1 

V 

— O . CH , . CH, . CH. . CH. . CH. . 0 — 

1 

\ 


( 

I-N-CH3 I-N-CH3 


(CH,) 2 


IV. (3565 R.P.) 


(CH a ) 2 


3) Enfin, dans une troisieme voie, Pun de nous, en collaboration 
avec F. Depierre et Y. de Lestrange (10) a reconnu Paction sur le 
muscle strie des ethers-oxydes que forment les polyphenols avec la 
choline et les amino-alcools homologues. On verra que nous nous 
sommes plus particulierement arretes a l’etude du tri-iodure de tri- 
(/3-triethyl-ammoniumethoxy) 1,2,3-benzene. 


O.CH,.CH,.N(C 2 H 5 ) 3 1 

O . CH. . CH. . N(C,H 5 ) 3 1 
\ n/ — O . CH. . CH, . N(C.H 5 ) , ! 
V. (2559 F, 3697 R.P., Flaxedil) 


Nous suivons le meme ordre dans Pexpose qui suit. 


Techniques 

A la suite des recherches de Claude Bernard, de Vulpian et de 
Kolliker, l’appellation de « poisons curarisants » a ete attribute a un 
grand nombre de substances qui abolissent toutes Paction des nerf 
moteurs sur les muscles volontaires. Ayant utilise comme animal 
d’experience la grenouille qui offre une sensibilite particuliere vis-a-vis 
des poisons de ce type, et les preparations neuro-musculaires comme 
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methode d’investigations, les physiologistes en sont venus a classer dans 
le groupe des curares un nombre important de poisons qui n’offrent 
entre eux que peu de rapports. 

A l’heure actuelle — et il est certain que Introduction des curares 
en therapeutique ne fera que confirmer ce point de vue — , le groupe 
des composes dont les proprietes peuvent etre comparees a celles des 
curares apparait comme beaucoup plus restreint. On le limitera d’une 
part aux seules substances dont Teffet sur la transmission neuro-muscu- 
laire apparait lie a l’antagonisme qu’elles exercent vis-a-vis de l’acetyl- 
choline; d’autre part aux substances dont Taction sur la musculature 
striee apparait dans une certaine mesure specifique. 

Autant que la paralysie de la transmission neuro-musculaire, Tabsence 
de reactions secondaires importantes — centrales en particular, ou 
cardiovasculaires — servira a caracteriser les membres du groupe des 
« substances curarisantes ». 

Les considerations qui precedent expliquent suffisamment pourquoi 
nous n’avons realise que peu d’experiences sur la grenouille bien que 
celle-ci ait pendant presque 100 ans paru Tanimal de choix pour 1 ’etude 
du curare. 

Nous avons juge en effet que seule P experimentation sur les mammi- 
feres permettait a la fois de reconnaitre la curarisation par 1’enregistre- 
ment simultane des mouvements respiratoires et des contractions pro- 
voquees par l’excitation electrique du muscle gastrocnemien et d’analyser 
avec soin les manifestations centrales et vasomotrices susceptibles 
d’accompagner 1’intoxication des muscles volontaires. 

Dans les essais realises tant sur le chien chloralose que sur le lapin, 
nous avons souvent mis a profit le fait qu’un courant d’oxygene pur, 
amene par une sonde fine a travers le trachee jusqu’au niveau des grosses 
bronches, suffisait en dehors de tout mouvement mecanique du thorax 
a assurer une hematose suffisante. 

Le classement des produits a ete etabli en determinant leur toxicite 
par voie i.v. pour le lapin et en utilisant la technique preconisee par 
Holaday (ii) (head-drop method), methode qui si elle n’est aucunement 
specifique, n’en permet pas moins de fixer avec une assez bonne pre- 
cision la relaxation musculaire. 

Dans une seconde serie d’essais, pour nous assurer du caractere 
electif de la curarisation obtenue, nous avons systematiquement recherche 
les reactions presentees par le lapin soumis a la respiration artificielle. 

Tillie en 1890 (12) reprenant les essais de Brodie avait deja montre 
qu’il etait dans ces conditions possible d’injecter au lapin une dose de 
curarine 25 fois superieure a la dose normalement toxique. Nous avons 
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pour notre part constate que le merae animal tolere, lorsqu’on assure 
une ventilation pulmonaire convenable, plus de 200 fois la dose normale- 
ment toxique de ^-tubocurarine. 

L’ experience, parcequ’elle est d’une realisation particulierement facile, 
permet aisement la comparaison de differents produits. 

L’essai permet egalement de s’assurer de la duree des effets des diffe- 
rents termes de la serie; la curarisation dure environ 1 h. 30 a la suite 
d’une injection unique de 10 doses paralysantes de d'-tubocurarine; 
elle se prolonge 6 h. apres l’administration de 50 doses. 

Nous avons systematiquement note le temps necessaire a la reappari- 
tion des premiers mouvements spontanes chez le lapin soumis a la 
respiration artificielle qui recevait 10 doses toxiques des produits de 
syn these. 

La respiration le plus souvent etait assuree par une pompe a respira- 
tion type Palmer, au moyen d’une canule tracheale; une suture de la 
trachee et de la peau a la fin de 1’essai permet d’assurer une survie 
indefinie a 1 ’animal d’experience. D’autres techniques, en particulier 
l’introduction dans les voies respiratoires d’une sonde fine traversee par 
un courant d’oxygene, ou l’utilisation de l’appareil de Legroux(i3) qui 
repose sur le principe du poumon d’acier ont ete egalement utilisees 
avec succes. 


I. — Dl-IODOETHYLATE DE BIS(QUIN0LEYL0XY-8',8") 1 , 5 -PENTANE 
(3381 R.P.) (formule III, p. 102) 

On prepare le 3381 R.P. en condensant le dibromo-1,5 pentane avec 
la 8-oxyquinoleine en presence de soude, dans l’alcool. Le 8', 8"-diqui- 
noleyloxy- 1,5 -pentane est transforme en ammonium quaternaire par 
chauffage avec l’iodure d’ethyle. Le produit est purifie par la recristal- 
lisation dans l’eau. Le di-iodoethylate de 8', 8”-diquinoleyloxy- 1,5- 
pentane (3381 R.P.) cristallise en aiguille jaune d’or, avec trois molecules 
d’eau. II fond au bloc Maquenne vers io5°-io6° (fusion instantanee), 
puis il se resolidifie en perdant son eau de cristallisation et fond alors 
a 2 o8°-2O9 0 . Le produit seche a ioo° perd son eau de cristallisation et 
fond directement a 2o8°-209°. 

Le 3381 R.P. est soluble dans l’eau a 0,5 % a 20° et a 7 % a ioo°. II 
est facilement soluble dans la methylacetamide diluee (a 20 % d’eau). 

L’etude physiologique a ete poursuivie parallelement sur la grenouille, 
la souris, le lapin et le chien. 
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Toxicite 

Le iodo-ethylate de quinoleyloxy-pentane provoque, chez la grenouille 
deja, les symptomes caracteristiques de l’intoxication curarique. 

A la suite d’une injection, dans le sac iymphatique, de io mg/kg., 
les premiers signes de paresie musculaire apparaissent; 1’absence 
complete de reactions s’observe apres une dose de 25 mg/kg. 



3 4 

Fig, 1 

Action du 3381 R.P. sur le lapin — Reaction head-drop 
1 et 2 — Animal normal. 

3 et 4 — Effet de l’injection i.v. d’une dose de 0,5 mg/kg. de 3381 R.P. On voit la 
relaxation complete des muscles du cou, des pattes, de la queue et de la paroi abdomtnale 
s’etablir nettement dans cet essai a une dose de produit qui permet encore la survie 
sans qu’il soit necessaire de mettre la respiration artificielle en jeu. 


Une quantite dix fois superieure a la dose curarisante, 250 mg/kg., 
provoque une paralysie qui parait etre irreversible dans la majorite des 
cas, la mort survenant apres 5 a 6 jours, avant 1’elimination totale du 
produit. 

Pour une dose de 50 mg/kg., 1’absence de mouvements spontanes et 
la disparition des reflexes s’etablissent en 30 minutes et durent 5 a 
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8 heures. Dans le xneme temps on observe sur la preparation neuro- 
musculaire sciatique-gastrocnemien une diminution importante de 
l’amplitude des contractions musculaires ; la paralysie totale ne s’installe 
qu’avec un certain retard par rapport a F absence des reactions de F animal 
soumis aux excitations reflexes. 


Chez le lapin, les premiers signes de curarisation, le relachement de 
la musculature de la nuque caracteristique de la « head-drop » reaction 
qui a permis a Holaday de realiser un dosage biologique de l’activite 
des alcaloides du curare, apparaissent a la suite de Finjection de 0,25 mg/ 
kg- de 3381 R.P.Une hypotonie plus marquee debutant par les membres 
posterieurs et qui entrame finalement une disparition du reflexe oculo- 
palpebral, s’installe apres Finjection de 0,5 mg/kg,; le retour a la normale 
s’effectue en 15 minutes (Fig. i). La mort survient rapidement par 
asphyxie a la suite d’une dose de 0,75 mg/kg. 

Lorsque le produit est injecte par voie intramusculaire, Fintoxication 
evolue plus lentement; la duree de la curarisation atteint 30 minutes 
apres 2 a 4 mg. 

Le produit est lentement resorbe par voie rectale; tres faiblement 
par voie buccale. 


Des signes discrets d’excitation medullaire precedant la curarisation 
ont ete observes sur la souris et le rat alors qu’ils manquent totalement 
chez le lapin et le chien. 


Di-iodoethylate de bis (quwoleyloxy- 8 ' ) -1,5 pentane (3381 R.P.) 
Survie des animanx soumis a la respiration artificielle 


Dose 
en mg/kg 

Nombre 
de doses 
mortelles 

La; 

pin 

Ch 

ien 

Duree de la 
disparition 
du reflexe 
oculo- 
palpebral 

Dureejusqu’ad 

retablissement 

total 

Duree de la 
disparition 
du reflexe 
oculo- 
palpebral 

Dureejusqu’au 

retablissement 

total 

o.75 

I 

O 

O 

O 

0 

I 

i,3 

5 m. 

6 m. 

5 m. 

6 m. 

i,5 

2 

— 

I 

12 m. 

12 m. 

2 

2,5 

30 m. 

35 m. 

— 



3 

4 

43 m. 

58 m. 

20 m. 

35 m- 

4 

5,3 

45 m. 

50 ,m. 

1 h. 

1 h. 15 

7,5 

IO 

1 h. 50 

2 h. 

2 h. 



15 

20 

2 h. 20 

2 h. 30 

— 



22,5 

30 

3 h. 

3 h. 10 

— 



30 

40 

4 h. 50 

5 h. 

— 

* 

37,5 

50 

5 h. 

5 h. 20 

— 


45 

60 — 100 

7 a 8 h. 

7 a 8 h. 

— 

— 

93,75 

125 

mort en 3 h. 

1 

1 
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Toxicite du di-iodoelhylcite de bis ( quinoleyloxy- 8 ' )- 1,5 pentane (3381 R.P.) 



i 

! 

Dose curarisante 
mg/kg. 

Dose 50 % lethale 
mg/kg. 

Grenouille 

1 - 1 

10 

env. 250 

Souris 

voie i.v. 

— 

i ,25 

! 

voie ssc. 

— 

30 


voie buccale 

— 

325 

Rat 

. . 1 
vote i.v. 

— 

1.25 


voie ssc. 

1 ' ’ 

30 

Lapin 

m . 1 
voie i.v. 

o,i 75 

o ,75 


t voie i.m. 

1 

5 


j voie ssc. 

— 

10 


| voie rectale 

15 

30 


1 voie buccale 

— 

500 

Chien 

' voie i.v. 

1 0,5 

0,75 


Survie des animaux en respiration artificielle 

Le lapin lorsqu’il est soumis a une respiration mecaniquement entre- 
tenue tolere 100 fois la dose de 3381 R.P. qui se montre toxique pour un 
animal normal. 11 survit dans ces conditions a une curarisation de plus 
de 8 heures. (Tableau p. 107). 

L’essai realise chez le chien revele une tolerance a plus de 10 doses 
toxiques. 

On constate que la dose qui se montre toxique chez l’animal normal 
ne provoque pas chez l’animal en respiration artificielle, des signes 
visibles de curarisation, ce qui avait deja ete observe par Tillie avec 
la curarine. 

Effets tensionnels 

Le fait qu’il est possible d’injecter impunement au lapin soumis a la 
respiration artificielle une quantite du produit (3381 R.P.) cent fois 
superieure a la dose normalement toxique laisse deja apparaitre que les 
reactions vasomotrices consecutives aux doses moyennes du produit 
n’ont pas dans le tableau de l’intoxication une signification importante. 

Effectivement, chez le lapin soumis a la respiration artificielle 1 ’ in- 
jection intraveineuse de 2,5 mg/kg. ne provoque encore aucune reaction 
tensionnelle. L’ administration de 4 a 15 mg/kg. n’est suivie que d’hypo- 
tensions transitoires, dont la duree ne depasse guere 5 a 10 minutes 
dans la majorite des experiences, et dont l’importance varie entre 20 a 
60 mm. de mercure. 

Chez le chien chloralose on peut deja noter dans les memes conditions 
une faible hypotension a des doses de 0,25 et 0,5 mg/kg. inferieures a 
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la dose curarisante. L’injection des doses plus importantes, susceptibles 
d’interrompre la respiration spontanee, 1 mg. et 4 mg., provoque une 
chute tensionnelle de 40 a 100 mm., dont 1’animal se remet generalement 
en quelques minutes seulement, et toujours bien avant la fin de la 
paralysie curarique. 

Le di-iodomethylate de bis-quinoleyloxy-pentane provoque certaines 
reactions neuro-vegetatives analogues a celles que l’on reconnait classi- 
quement aux constituants du curare, en particulier une paralysie du 
type nicotinique. 

Chez le lapin l’integrite des reflexes sensoriels apparait nettement 
dans Ies experiences oil 1’on suit les variations de la pression; un attou- 
chement ou un simple bruit provoque dans ce cas des oscillations 
tensionnelles importantes, plus importantes meme chez 1’ animal qui 
a re$u une dose moyenne de 3381 R.P. que chez Panimal normal; elles 
cessent de se produire apres l’injection de fortes doses du produit ou 
apres anesthesie. 


Effets cholinergiques et action anticholinesterasique 

Le di-iodoethylate de bis-quinoleyloxy-pentane provoque sur les 
organes innerves par le parasympathique un certain nombre de reactions 
cholinergiques : 

1) L’accroissement du flux salivaire et de la secretion lacrymale au 
cours de la curarisation chez le lapin et le chien. 

2) Un efltet myotique qui s’observe chez le chat par Installation d’une 
solution a 1 % a la surface du globe oculaire. 

3) Sur la preparation de l’intestin isole du lapin, une augmentation 
de l’amplitude des contractions, et, a plus forte concentration un accrois- 
sement du tonus (5 a 15 mg.). 

L’action propre du 3381 R.P. sur les secretions et les muscles lisses 
est dans tous les cas inhibee par l’atropine. 

L’analogie de ces reactions avec celles que provoque l’eserine est 
mise en evidence par le fait que le 3381 R.P. potentialise les effets de 
l’acetylcholine; on l’a observe d’une part en ce qui concerne les effets 
hypotenseurs et cardio-inhibiteurs de l’acetylcholine sur la pression, 
d’autre part sur la preparation de Poreillette du lapin (Fig. 2), sur 
laquelle les effets cardio-moderateurs de l’acetylcholine sont eux aussi 
accrus par l’addition prealable de 3381 R.P. 
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Fig. 2 

Effet anticholinesterasique du 3381 R.P. 

Potentialisation des effets de V acetylcholine sur la preparation de Voreillette isolee de lapin 
Acetylcholine (AC) — 0,1 et 0,4 mg/ 1 . 

3381 R.P. — 0,5 mg/1. 


L’action anticholinesterasique que manifeste in vitro le 3381 R.P. 
vis-a-vis de la pseudo-cholinesterase serique rend suffisamment compte 
des ces differents phenomenes. En suivant avec la technique de 
Ammon-Warburg l’hydrolyse enzymatique par le serum de cheval, de 
l’acetylcholine, on met aisement en evidence une inhibition fermentaire 
qui se manifeste a des concentrations de 3381 R.P.de 1/1000 a i / ioo . ooo ( x ). 


Hydrolyse du chlorure d' acetylcholine par la pseudo-cholinesterase serique en presence du 
3381 R.P., de 3565 R.P. et de la tubocurarine 
Technique de Ammon-Warburg. 

Solution dans un liquide de Ringer-bicarbonate de Na. (R. 20). 

Acetylcholine 0,4 % : 1,5 cc. 

Serum de cheval 50 % : 0,5 cc. ______ 




mm 3 CO 2 en 45 min. 

Temoin 

_ 

213 

3381 R.P. 

0,01 g/1 

136 


0,1 g/1 

68 


1 g/1 

3 ° 

3565 R.P. 

1 g/1 

210 

Tubocurarine 

0,1 g/1 

172 


1 g/1 

97 


Inhibition 


36 % 
68 % 
86 % 


nulle 
20 % 
55 % 


% 


( x ) Diverses publications ont, depuis la parution de la note preliminaire que nous 
avons publiee sur le produit 3381 RP (8), repris et etendu nos propres observations. 

Dans deux notes, B. N. Halpern, P. Benda et G. Bourdon (C. R. Soc. Biol., i 947 > 
J 4 J . 979 et 981) ont decrit d’autres aspects de l’action eserinique du produit, indiquant 
que le 3381 R.P. renforce l’action de l’acetylcholine sur toutes les fonctions. L explication 
de l’apparent paradoxe a ete apportee par la suite par M. Peterfalvi et R. Jequier 
(C. R. Soc. Biol., 1948, 142, 729) qui ont pu verifier que le parallelisme entre les eftets 
qu’exerce le 3381 R.P.et l’eserine ne se manifeste qu’au niveau des seuls muscles Iisses, 
le produit apparaissant au contraire comme un antagoniste parfait de 1 acetylcholine 
sur les muscles stries et sur le cceur isole de grenouille. 
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Paralysie neuro-musculaire par le 3381 R.P. chez le chien ; 

Effet decurarisant de Veserhie 

Les analogies que presentent les proprieties du di-iodoethylate de 
bis-(quinoleyloxy-8')-i,5 pentane avec les constituants actifs du curare 
ont ete rapportees en detail dans le paragraphs consacre au tableau de 
l’intoxication experimentale. II a ete indique que 1’on trouvait a certains 
stades de l’intoxication observes chez la grenouille, la disparition de l’ex- 
citabilite musculaire indirecte avec conservation de l’excitabilite directe. 

Aux experiences diverses qui demontrent la diminution du tonus du 
muscle strie consecutive a l’administration du produit, on peut ajouter 
encore deux observations. Chez l’oiseau, dont les fibres musculaires de 
Tiris sont constitutes par des muscles lisses, on observe, au contraire, 
de ce qui se passe chez les mammiferes, une mydriase analogue a la 
mydriase curarique (Fig. 3). 



Fig. 3 

Effet mydricitique du 3381 R.P. chez la poule 

Le 3381 R.P. qui exerce sur la musculature irienne lisse des mammiferes un effet qui 
se traduit par un myosis, provoque par contre chez l’oiseau une mydriase caracteristique 
dont l’iris est constitue par des fibres striees. On sait que c’est la egalement une propriete 
caracteristique du curare. 

GSil gauche : temoin. 

CEil droit: instillation de 2 gouttes d’une solution a 1 % de 3381 R.P. 
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II nous parait qu’en tout etat de cause, c’est par T excitation in situ 
des nerfs moteurs du chien que Ton suivra le mieux Faction elective 
du produit sur la synapse neuro-musculaire. 

Sur le chien chloralose,Pinjection d’une dose de 5 mg/kg. de 3381 R.P. 
par voie intraveineuse entraine en une minute deja une diminution de 
Tamplitude des contractions du muscle gastrocnemien et une augmen- 
tation du seuil d’excitabilite du nerf; trois minutes plus tard une serie 
d’excitations indirectes n’apporte plus aucune reponse (Fig. 4). La 
paralysie evolue a peu pres parallelement sur les muscles volontaires et 
sur les mouvements spontanes du diaphragme; les excitabilites du nerf 
phrenique et du sciatique disparaissent simultanement. 

La curarisation se prolonge dans ces conditions normalement environ 
5 heures; mais il est egalement possible sur la meme preparation de 
mettre en evidence le rapide retour a la normale provoque par une 
injection d’eserine. 

Dans ce but, on aura generalement soin d’atropiniser legerement le 
chien pour prevenir les effets cardio-vasculaires et broncho-constricteurs 
de l’eserine. Apres 1 mg. d’atropine, on injectera 1 mg. egalement 
d’eserine; le retour des mouvements respiratoires spontanes et de 
l’excitabilite musculaire s’etablit progressivement dans les minutes qui 
suivent ( ] ) 

Activite des derives bis-quinoleiniques 


A cote du iodoethylate de bis(quinoleyloxy)-pentane, quelques derives 
ont ete prepares dont la structure se rattache plus etroitement a celle 
de la d-tubocurarine. 

On citera par exemple le produit suivant (VI) ou d’autres derives 
dont la molecule renferme deux noyaux isoquinoleiniques. 


/\/\ 


/\/\ 


\/\/ 

Br- N I 

O-CHo . CH a . CH. . CH 2 . CHo-O 


- CH 2 . CH 2 . CH 2 . CH 2 . CH 2 ■ 
VI 



Dose curarisante 0,75 mg/kg 

Dose toxique 0,75 mg/kg 

Duree de la curarisation (10 D. T.) 8 h. 


Tolerance du lapin a la respiration artificielle : . . 40 doses 


( 1 ) A. van den Ostende {Arch. Intern. Pharmacod. et Ther., 1948, 75, 419) a decrit 
chez le chien traite par des doses de 3381 RP de 1 a 5 mg. une curarisation prolongee 
et l’arret de la conduction neuro-musculaire; il a reconnu la depression de la pression 
arterielle et de l’homeostasie deja signalee; I’auteur a juste titre insiste sur le fait que 
la prostigmine et le di-isopropylfluorophosphate ne lfevent Paction curarisante que de 
faibles doses de 3381 R.P. 
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L’etude d’une serie de composes bis-oxy-quinoleiniques, si elle n’a 
pas revele de substances particulierement remarquables, nous a permis 
de tirer cependant un certain nombre de conclusions sur les rapports 
qui existent entre l’activite et la structure chimique. 

L’activite passe par un optimum, dans la serie des iodoethylate de 
bis-(quinoleyloxy-8 / )-alcanes Iorsque la chaine qui unit les deux noyaux 
quinoleiniques comporte 5 atomes de carbone, pour les ethers des 
oxy-io-quinoleine, l’optimiun correspond au cas d’une chaine lineaire 
constitute par 3 atomes de carbone. 


Comparaison entre les activitcs des ethers de l'oxy- 6 -quinoleme et de V oxy- 8 -quinoleine 
R 6 le de la longueur de la chaine aliphatique 



CoH s 

. /\ 

* y 

(CH;)« O 

c 

\/ 

N-X 

1 

c : h 6 

\/\/ 

X-N 

1 

c.h 5 

-0 .(ch 2 )«o— ^ A y'S 

W tf 

N-X 

C 2 H 5 


Dose 

curarisante 

Dose 

toxique 

Durde de ia 
curarisation 
(10 doses) 

Dose 

curarisante 

Dose 

toxique 

Durde de la 
curarisation 
(10 doses) 

n ~4 
»*=S 
n~ 6 
n= 7 

0,4 mg/kg. 

0.25 

0,2 (*) 

0,2 

o ,4 

i.S mg/kg. 

o ,75 

o ,75 

o ,3 

o ,75 

30 min. 

30 min. 

1 h. 

1 h. 15 

40 min. 

0,65 mg/kg. 

0. 75 

1,25 

1, z 

20 

0,85 mg/kg. 
2,0 

7-8 

4 

20 

1 h. 30 

2 h. 15 
toxique 

8 h. • 


P) (3381 R.P.). 


Certains derives dont la molecule comporte deux noyaux quinolei- 
niques sont fortement curarisants mais ils manifestent en meme temps 
des effets hypotenseurs relativement prolonges. 

Au 3381 R.p. on comparera le di-bromure de bis-(N-N / quinoleinium)- 
5-pentane (VII) et le derive oxydryle correspondant (VIII) moins actif. 




AA 


V Y-(CH0.-V S/ ' 

Jc Jc 

VII. 


/\/\ 


HO 




/\/ V\/ 

L n-(CH 2 ) 5 -n ^ 


X 


X 


VIII. 


Dose curarisante 
Dose toxique 
Duree de la curarisation 
Tolerance du lapin soumis 
a la respiration artificielle 


1 mg/kg. 
3 mg. 

8 h. 


4 mg/kg. 
6 mg. 

1 h. 

50 doses 


Le radical fixe sur l’azote joue egalement un role. 
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Proprietes curarisantes des derives bisquinoleiniques 

/\/x /\/x 


v w \/\/ 

X ~ N I N-X 

i 0 .CH,.CH..CH 2 . 6 H„.CH „.0 | 

R R 



Dose 

Dose 

Respiration artificielle 


curarisante 

toxique 




Lapin i.v. 

Lapin i.v. 

Doses maxima 

Duree 


mg/kg. 

mg/kg. 

tolerees 

(10 doses) 

R = CH 3 

o,S 

I 

2 I 

IO 

i h. 40 

R = C s H 5 (‘) 

0,2 

o, 7 S 

IOO 

I h. 

R = C 3 H 7 

0,25 

0,4 

30 

2 h. 45 

R = c 4 h 3 ! 

o,6 5 

2,5 

15 1 

1 h. 40 


C 1 ) (3381 R.P.). 


II. — Bis-(aminophenoxy)-alkanes 


En poursuivant les recherches sur Ies rapports qui unissaient Pactivite 
et la structure chimique des curares de synthese, nous avons reconnu 
les proprietes des composes dont la molecule ne comportait pas les 
noyaux isoquinoleiniques et quinoleiniques caracteristiques de la rf-tubo- 
curarine et du tLiodoethylate de bis(quinoleyloxy)-pentane. 

Di-iodomethylate de bis- ( dimethylamino-z' phenoxy )-x ,5 pentane 3565 R.P. 

(formule IV, p. 103) 

On prepare le 3565 RP. en condensant le dibromopentane sur l’ortho- 
dimethylaminophenol en presence de soude, dans 1 ’alcool. Le bis- 
(dimethylamino-2' phenoxy)-i,5 pentane est transforme en ammonium 
quaternaire par action de l’iodure de methyle dans l’acetone. Le produit 
brut est recristallise dans l’alcool. 

Le di-iodomethylate de bis-(dimethylamino-2' phenoxy)- 1,5 pentane 
(3565 R.P.) cristallise en petits cristaux incolores fondant au bloc 
Maquenne a 210 0 (fusion instantanee). II est soluble dans l’eau a 3 % 
a 20 0 et tres soluble a ioo°. 

Le di-iodomethylate de bis-(dimethylamino-2' phenoxy)- 1,5 pentane 
(3565 R.P.)est interessant au point de vue pharmacologique parce que 
depourvu de toute activite eserinique. 

Sur la grenouille, le 3565 R.P. provoque une paralysie neuro-muscu- 
laire a la dose de 2,5 mg/kg. La curarisation s’etablit apres 20 a 40 mi- 
nutes et 1’animal est entierement remis au bout de 24 heures. A la suite 
de l’injection de doses plus elevees, 1’animal reste paralyse pendant 
plusieurs jours alors que le coeur continue a battre normalement. 
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La dose toxique est difficile a fixer avec precision dans ces conditions 
mais on peut considerer qu’il faut injecter pour tuer I’animal une 
quantite de produit (375 mg/kg.) 150 fois superieure a la dose curarisante. 

L’antagonisme vis-a-vis de l’acetylcholine se manifeste bien sur la 
preparation du muscle droit abdominal de la grenouille. L’addition de 
3565 R.P. a la concentration de 5 mg/kg. s’oppose a la contracture 
provoquee par 1 mg/kg. d’acetylcholine (Fig. 5). 


TUBOCURARINE 3565 R.P 



t t t 1 t t tt t t t t t t t 

AC AC AC T AC AC AC AC AC 3565 AC AC AC 3565 AC 

Img/litre 4mg 4mg 5mg 


Fig. 5 


Antagonisme du 3565 R.P. et de V acetylcholine — Comparison avec la tubocuranne 

Sur la preparation du muscle droit abdominal de la grenouille, 1 addition d acetylcholine 
provoque une contracture a laquelle s’opposent efficacement les curares naturels et 
synthese. On a figure ici l’antagonisme exerce par la tubocurarine (4 mg/I.) et le 35 5 
(4 et 5 mg/ 1 .). 


Chez le lapin, la dose qui provoque un relachement de la musculature 
de la nuque (head-drop-dose) est du meme ordre pour le 35^5 
et la tubocurarine, mais Pecart entre cette dose et la dose toxique est 
plus marquee pour le premier produit. 


Toxicite du di-iodomethylate de bis ( dhnethylatnino-z' -phenoxy)-\ , 5 -pentane (35^5 R-P-) 




Grenouille 

Souris I 

voie i.v. 

! 

1 

voie s.c. 
voie buccale 

Rat 

voie i.v. 


1 voie s.c. 

Lapin 

voie i.v. 
voie s.c. 

Chien 

voie i.v. 


Dose curarisante 
mg/kg. 

Dose toxique 
mg/kg. 

2,5 

375 


o,75 


U 5 



125 


o,S 



1,25 

0,2 

o,3 


0,4 



0,2 


I 
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Lorsqu’on administre au lapin sounds a la respiration artificielle des 
quantites plus elevees du produit, on constate qu’il s’etablit une cura- 
risation dont la duree est particulierement prolongee. 

Enfin l’electivite de Paction qui s’exerce sur la synapse neuro-muscu- 
laire des fibres striees apparait clairement par le fait que l’on peut 
administrer sans dommage pour Panimal soumis a la respiration arti- 
ficielle; 500 fois la dose qui se montre toxique pour Panimal normal. 

L’enregistrement du trace de la pression carotidienne montre que le 
produit n’abaisse la pression que d’une maniere transitoire a la dose 
de 2 mg/kg. 

Le di-iodomethylate de bis-(dimethyIamino-phenoxy)-pentane est plus 
actif et moins toxique que la tubocurarine pour le chien dont il provoque 
la mort par asphyxie a la dose de 0,2 et parfois meme de o,i mg/kg. 

La paralysie respiratoire progresse tres regulierement sans que le 
rythme respiratoire soit affecte. L’excitabilite du nerf sciatique diminue 
puis disparait peu apres qu’ont cesse les mouvements spontanes de la 
respiration. L’eserine a la dose de 1 mg/kg. parvient a retablir la con- 
duction neuro-musculaire interrompue. 

Les doses inferieures a la dose qui provoque une paralysie respiratoire 
ne sont suivies que d’une denivellation insignifiante de la pression. 

A la dose curarisante on observe generalement une brusque chute 
de la tension. Cet effet est plus marque avec le di-iodomethylate de bis- 
(dimethylamino-phenoxy)-pentane qu’avec le iodomethylate de quino- 
leyloxy-pentane ; il est analogue a celui que peut provoquer l’injection 
de ^-tubocurarine. 

Il a ete observe que le 3565 R.P. n’exer?ait in vitro aucune activite 
anticholinesterasique. En fait il ne provoque chez l’animal egalement 
aucun des signes d’hypertonie parasympathique, salivation, potentia- 
lisation des efFets de 1’acetylcholine et contracture de l’intestin isole du 
lapin qui ont ete decrits dans le chapitre consacre au derive quino- 
leinique 3381 R.P. 


Activite des bis- (aminophenoxy) -alkanes 

Le di-iodomethylate de bis-(dimethylamino-2 , phenoxy)- 1,5 pentane 
ne represente qu’un des termes de la serie des bis-(aminophenoxy)- 
alkanes. 

Nous avons reconnu une activite pharmacologique analogue a de 
nombreux autres derives du meme groupe. 
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Dans la serie des derives de Tamino-2-phenol, on a fait varier paral- 
lelement la nature des substituants sur l’azote et la distance des deux 
noyaux benzeniques. 

II n’existe pas de difference systematique importante entre les effets 
des derives ethers des di-alcools en C 4 , C 5 et C 6 . Toutefois plusieurs 
termes de la serie se sont montres susceptibles de provoquer chez le 
chien une hypotension importante et durable. 

L’exemple suivant illustre Tactivite des derives de ramino-3 -phenol 
et de l’amino-4-phenoI. 
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(CH 3 ) 3 

(CH 3 ) 3 

(CH 3 ) 3 

(CH 3 ) 3 

(CH 3 ) 3 (CHY 


Lapin voie i.v. 

IX 

X 

XI 

Dose toxique 

1 j 

0,25 mg/kg. 

0,45 

0,85 

Duree de la curarisa- 

4 h. I 

?h. 

6 h. 

(apres xo D.T.) 

! 




Tous les produits etudies se sont reveles des curarisants tres actifs 
dont Taction elective se traduit par le fait que le lapin soumis a une 
respiration artificielle tolere plus de 100 fois les doses normalement 
toxiques. 

Comme on Tavait fait dans la serie quinoleinique, on a compare aux 
ethers les composes quaternaires dans lesquels la chaine aliphatique 
relie directement des fonctions attachees aux deux noyaux. 




OH 
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/s 


✓ 


Y 

)s " Y 

(CH 3 ) 2 
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XII 


XIII XIV 


Dose curarisante 
Dose toxique 
Duree de la curarisa- 
tion (apres 10 D.T.) 


3 mg/kg. 

7,5 
2 h. 


2 

2,5 

2 h. 30 


2 

3 

2 h. 15 


Ces composes sont moins actifs que les precedents, mais demeurent 
des poisons curarisants typiques, dont le lapin sous respiration artifi- 
cielle tolere une dose 100 fois superieure a la dose paralysante. 
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Discussion 


L’etude qui precede apporte de nouveaux elements a la connaissance 
des produits curarisants de synthese. 

Du point de vue pharmacologique, elle etablit l’interet qu’il y a a 
avoir recours a l’experimentation sur les mammiferes pour definir un 
groupe de poisons curarisants dont I’effet se rapproche de celui des 
alcaloides des curares non seulement par leur activite sur la transmission 
neuro-musculaire mais encore par l’electivite de cet effet et par 1’absence 
de reactions secondaires, cardiovasculaires ou centrales importantes. 

A cet egard la determination de la dose qui provoque la mort de 
l’animal dont la respiration est mecaniquement entretenue et le rapport 
entre cette dose et la quantite de produit toxique pour l’animal normal 
sont appeles a fournir des renseignements valables. Nous avons constate 
que dans ces conditions le lapin survit a l’injection de plus de 500 toxiques 
de rf-tubocurarine et de certains produits de synthese. Un coefficient 
superieur a 100 se rencontre dans la majorite des derives que nous 
avons prepares. 

On trouvera d’autre part dans l’analyse des proprietes du iodoethylate 
de bis-quinoleyloxy pentane, du iodomethylate de bis-quinoleyloxy 
pentane et du iodomethylate de bis-dimethylaminophenyloxy-pentane, 
plusieurs elements qui permettent d’entrevoir qu’il existe certains rap- 
ports entre l’effet des curares et celui des substances que Ton peut 
appeler cholinergiques ou cholinotropiques (Marazzi), dont Faction 
mimetique ou paralysante s’exerce sur les memes recepteurs cellulaires 
que l’acetylcholine. Chez la grcnouille on a pu observer que l’effet 
curarisant evolue parallelement a un antagonisme vis-a-vis de la contrac- 
ture que l’acetylcholine exerce sur le muscle strie (rectus abdominis). 
Sur les mammiferes on a observe que les derives curarisants temoignent 
egalement des proprietes paralysantes nicotiniques au niveau des 
ganglions du systeme nerveux vegetatif. On a observe enfin que l’effet 
decurarisant de Feserine s’exerce de la meme fafon sur les intoxications 
par les curares naturels et les curares de synthese. 

Quant a l’effet anticholinesterasique qui a ete occasionellement deent 
pour la tubocurarine mais que d.’autres produits naturels curarisants, 
tels que l’erythroidine ne manifestent pas, il paraft etre un phenomene 
secondaire qui varie tout-a-fait ind.epend.amment de 1 ’activite curarisante 
propre de la molecule; en fait nous avons constate qu’il est manifeste 
dans la molecule des derives quinoleiniques (3381 R.P.) mais que les 
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derives de Faminophenol (3565 R.P.) n’inhibent par contre aucunement 
Faction de la pseudo cholinesterase serique. 

Du point de vue chimique, les composes dont Factivite a ete decrite 
dans ce travail, appartiennent a des series nouvelles. 

Les molecules actives comportent toutes deux fonctions ammonium 
quaternaires et a cet egard elles peuvent etre comparees a la d-tubo- 
curarine. 

Par contre ni la presence d’un noyau heterocyclique, ni la presence 
d’une liaison du type ether, ne paraissent necessaires a Factivite curari- 
sante de la molecule. 

II apparait des lors que le groupe des curarisants de synthese promet 
d’etre fort etendu et que leur etude se pretera aisement dans Favenir 
a de nombreux developpements. 

Conclusions 

1) Par simplifications successives de la molecule de la d-tubocurarine, 
on parvient aisement a la synthese de derives susceptibles de manifester 
des proprietes curarisantes analogues a celles que presente l’alcalo'ide 
naturel. 

L’etude des proprietes curarisantes a porte plus specialement sur 
les mammiferes. Chez le lapin en particulier on a determine systematique- 
ment la dose curarisante minima (dose head-drop), la dose toxique, 
ainsi que les reactions de l’animal soumis a la respiration artificielle 
(duree de la curarisation consecutive a Finjection de 10 doses toxiques 
et nombre de doses toxiques dont Finjection est compatible avec la 
survie). 

On a rapporte dans ce travail les resultats physiologiques concernant 
des derives chimiquement nouveaux, appartenant a la serie des bis- 
quinoleyloxy-alkanes et des bis-aminophenoxy-alkanes. 

2) Dans une premiere partie on a decrit les proprietes curarisantes 
du di-iodoethylate de bis-(quinoleyloxy-8')- 1,5-pentane (3381 R.P.) et 
de 1 6 derives dont les molecules comprennent deux noyaux quinolei- 
niques a fonction ammonium quaternaire. 

Le 3381 R.P. represente le premier derive de synthese dont 1 activite 
curarisante se soit manifestee sur les mammiferes avec une electivite 
comparable a celle des alcaloides naturels du curare. 

Chez le lapin la dose minima curarisante est de 0,2 mg/kg et la dose 
toxique de 0,75 mg/kg.; la dose maxima toleree represente 70 fois la 
dose toxique pour l’anima] dont la ventilation pulmonaire est assuree 

mecaniquement. 


3 
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Le 3381 R.P. est hypotenseur pour le chien ; il provoque une paralysie 
du type nicotinique et une potentialisation des effets de l’acetylcholine 
liee aux proprietes anticholinesterasiques de la molecule. 

3) La suite des recherches ayant montre que le noyau quinoleinique 
qui entrait dans la molecule du 3381 R.P. n’etait pas indispensable a 
l’activite de la molecule, les recherches orientees dans la voie des produits 
de condensation des aminophenols avec les dibromo-alkanes ont conduit 
au di-iodomethylate de bis-(dimethylamino-2'-phenoxy)- 1,5-pentane 
(3565 R.P.) qui, plus actif et plus toxique que le precedent, se montre 
sur certaines preparations aussi et plus fortement curarisant que la 
c?-tubocurarine elle-meme. Contrairement aux derives de la serie quino- 
leinique, les curares derives de l’aminophenol ne manifestent aucune 
propriete anticholinesterasique. 

4) Les molecules actives comportent deux fonctions ammonium 
quaternaires et peuvent a cet egard etre comparees a la </-tubocurarine. 
Par contre ni la presence d’un noyau heterocyclique, ni celle d’une 
liaison du type ether ne paraissent necessaires a l’activite curarisante de 
la molecule. 
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LABORATORIO DI CHIMICA TERAPEUTICA 
ISTITUTO SUPERIORE DI SANITA — ROMA 


L’ANTAGONISME CURARE-ACETYLCHOLINE 
ET LA NOTION DE pA x 


PAR 


Salvatore GUARINO et Daniel BO VET 


(Travail refit le 7-3-1949 A 

La necessite d’etablir un systeme de comparaison rationnel entre les 
diverses substances douees d’un antagonisme pharmacol ogique s’est 
progressivement impose a mesure que le domaine des substances biolo- 
giquement actives dont les effets s’opposaient a ceux de 1’adrenaline, 
de 1’ acetylcholine et de l’histamine prenait plus d’extension et que se 
developpait la meme notion de competition egalement dans l’etude des 
activites antibacteriennes. C’est ainsi que Ton a cherche a mesurer 
l’activite antagoniste d’un produit vis-a-vis d’un autre, par une expression 
suffisamment simple dont la valeur facile a etablir se puisse aisement 
retrouver dans des conditions experimentales assez diverses. 

II semble que la methode proposee par Schild (i), et qui correspond 
egalement a un concept etabli anterieurement par Clark et Raventos (2) 
reponde assez bien a ces conditions. Ayant en effet etudie quantitative- 
ment la reponse d’un muscle a l’addition d’une quantite constante de 
l’effecteur, ces auteurs ont pour la premiere fois propose d apprecier 
1 activite d’une substance antagoniste, par la mesure de la concentration 
susceptible de neutraliser Veffet d’un accroissement correspondant a un 
multiple de la substance active. Dans la mesure ou cette determination 
ne necessite qu’une variation de concentration de 1’effecteur, la seconde 
reponse en presence de l’antagoniste devant representer un effet biolo- 
gique identique a celui qui, le premier, a ete realise en reponse a 1 addi- 
tion du seul effecteur, elle peut etre consideree comme relativement 
independante des conditions experimentales, et en particular des 
variations dues aux differentes sensibilites des diverses preparations 
biologiques. 
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Schild a donne a ce concept une forme particulierement heureuse, 
en designant par l’ expression pA x le logarithm negatif de la concentration 
moleculaire de Vantagoniste susceptible d’accrohre dans une proportion 
constante (x) la concentration d’un produit actif necessaire pour provoquer 
an effet arbitrairement choisi. Cette notation permettra de caracteriser 
par un simple chiffre l’activite antagoniste de diverses substances, comme 
aussi d’en etablir l’echelle des valeurs et de fixer la specificite des 
reactions d’un meme antagoniste vis-a-vis de differents effecteurs. 

Schild a donne dans son travail la valeur de pA x correspondant a une 
serie de couples de substances antagonistes, determinant en particulier 
les valeurs pA 2 et pA w pour etudier les variations de l’antagonisme en 
fonction des modifications de la concentration et pour comparer les 
chiffres obtenus lorsque variaient — de 2 minutes a 14 minutes — les 
temps de contact. Reuse (3), utilisant la meme methode, a pu comparer 
utilement l’activite antihistaminique des differents produits et justifier 
l’emploi des faibles concentrations de neoantergan chaque fois qu’il 
s’agit d’etablir la nature histaminique de 1’effet d’un extrait tissulaire. 

L’utifisation de cette notation etant susceptible d’etre generalisee 
a l’ensemble des antagonismes pharmacodynamiques, nous avons pour 
notre part juge qu’il pouvait etre utile d’etendre l’application du 
concept de pA x a de nouveaux problemes et a d’autres preparations 
biologiques. 

A cet egard, une analyse quantitative de l’antagonisme entre le curare 
et l’acetylcholine, qui, quoique connu de longue date n’a pas regu 
encore sa pleine explication, devait etre particulierement instructive. 
Nous l’avons aborde en mettant en oeuvre les curares de synthese 
recemment prepares, dont on pouvait prevoir que tant a cause des 
proprietes electives qu’ils manifestent qu’en raison des analogies chi- 
miques que l’on peut reconnaitre entre la structure de leur molecule et 
celle de l’acetylcholine elle-meme, l’etude serait en mesure de fournir 
des faits particulierement aptes a illustrer les differents aspects d’une 
theorie de l’antagonisme. 

II semble d’ autre part que le choix du muscle droit abdominal de la 
grenouille ait constitue un test biologique favorable, en ce qu’il presente 
l’avantage de reagir a une gamme de doses d’acetylcholine et de curare 
particulierement etendue. 

Nos recherches ont en premier lieu montre que la notion de pA x 
pouvait s’appliquer a un nouveau type d’antagonisme pharmacologique; 
elles ont conduit d’autre part a une extension de la conception originale, 
les faits nouveaux apportent en outre la demonstration de la nature 
competitive de l’antagonisme envisage. 
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Technique 

Les experiences ont ete realisees sur le muscle abdominal de la 
grenouille (rana temporaria), baignant dans un volume de ioo cc. d’une 
solution de liquide de Ringer oxygene. Les contractions ont ete en- 
registrees sur un chimographe au moyen d’un levier isotonique avec 
une amplification de 20/1. Tenant compte des considerations prece- 
demment developpees (4), les contractions ont ete enregistrees quelle 
que fut leur rapidite jusqu’au moment ou elles avaient effectivement 
atteint leur hauteur maxima; la valeur de chaque contraction correspond 
dans chaque essai a la distance qui separe l’amplitude maxima de la 
ligne de repos du muscle. 

Les produits utilises ont ete le bromure d’acetylcholine, et, comme 
curare, le triiodoethylate de tri-(/J-diethylaminoethoxy)-i, 2, 3-benzene, 
2559 F. ou Flaxedil (5). 

Deter mination de la valeur pA x dans Vantagonisme 2559 F- acetylcholine 

Nos premieres experiences ont vise a fixer dans l’antagonisme qui 
oppose le curare 2559 F. a l’acetylcholine, sur le muscle droit abdominal 
de la grenouille, les indices pA 2 et pA l0 de Schild. 

Dans ce but, apres avoir examine en un premier temps la reponse 
du muscle a l’addition d’une dose fixe — 0,4 mg/1. — d’acetylcholine, 
1 on ajoutait a la solution une quantite de curare telle que le contact 
avec une solution d’acetylcholine deux fois superieure ( pA 2 , acetyl- 
choline 0,8 mg/ 1 .) ou 10 fois plus concentree ( pA l0 , acetylcholine 4 mg/ 1 .), 
provoque une reponse analogue a la reaction initiale. 

Le temps de contact entre le curare et le muscle a ete fixe a 5 minutes, 
les resultats apparaissent sensiblement egaux pour des temps superieurs. 

Les resultats de chaque experience etaient ensuite rapportes sur un 
diagramme, sur lequel on a fait figurer en ordonnees les variations per- 
centuales par rapport a la contraction initiale, de la hauteur de la con- 
tracture du muscle curarise, et en abcisse, le logarithme de la concen- 
tration de 2559 F. La valeur cherchee de pA x etait alors determinee 
graphiquement ; elle correspond au chiffre de la concentration corres- 
pondant a une variation nulle par rapport au temoin. 

On utilise en pratique, un muscle pour la determination de chacun 
des points singulars, dans le but d’eviter la depression qui peut suivre 
1 addition des doses relativement elevees de curare que Ton doit mettre 
en ceuvre pour la determination du pA w . 
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A partir de io determinations au moins portant sur autant de pre- 
parations differentes, les valeurs obtenues ont ete dans ces conditions : 

pour pA 2 = 5,67 ± 0,05 
pour pA 10 = 4,34 ±0,11 

S'il y avait eu entre I'accroissement des effets exerces par I’antagoniste 
et celui de la substance active mi parallelisme strict, il aurait du corres- 
pondre a une multiplication par 5 de la concentration en acetylcholine, 
une augmentation analogue de la teneur en 2559 F. et l’on aurait pu 
s’attendre a observer entre les deux valeurs pA 2 et pA 10 une difference 
de 0,699 correspondant a log. 5. 

L’ecart est en realite tres superieur; les deux valeurs different de 
1,33, ce qui indique qu’il est necessaire, pour neutraliser une dose 
5 fois superieure, d’accroitre la concentration de 2559 F. dans le rapport 
de 21 a 1. 

La difference entre les valeurs experimentales et calculees de pA 2 et 
pA 10 a deja ete signale par Schild qui, reprenant l’hypothese formulee 
par Gaddum a indique qu’il pourrait etre attribue au caractere com- 
petitif de la fixation des deux antagonistes au niveau des memes recep- 
teurs : « The difference between pA 2 and pA 10 provides a quantitative 
test for the hypothesis that antagonists compete with drugs for reception 
according to a simple mass action relation ». 

Les ecarts extremes signales par cet auteur concernent les systemes 
dolantine/acetylcholine et neoantergan/histamine, pour lesquels aux 
valeurs de pA 2 et pA 10 de l’effecteur correspondent des concentrations 
en antagoniste qui varient dans le rapport de 13 a 1. 

Les ecarts observes dans les experiences que nous avons nous memes 
poursuivies, nous ont paru des lors meriter une attention particuliere. 
II est apparu d’une part qu’ils pourraient etablir la nature competitive 
s’exer5ant sur le muscle au niveau des memes recepteurs, de l’antago- 
nisme qui se manifeste entre un curare et l’acetylcholine, et d’autre part 
que l’interaction entre les deux substances qui se manifeste dans ce 
cas avec une particuliere evidence devait permettre d’entrer plus avant 
dans l’analyse des phenomenes d’equilibre communs a tous les anta- 
gonismes. 

C’est la raison pour laquelle nous l’avons examine sous ses differents 
aspects, examinant : 

1) L’action d’une meme quantite de 2559 F. sur les contractures 
provoquees par differentes doses d’acetylcholine. 

2) Les concentrations d’acetylcholine et de 2559 F. necessaires pour 
provoquer une reponse biologique d’intensite constante. 
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3) Les valeurs de pk 2 correspondant aux differentes concentrations 
en acetylcholine. 


Antagonisme , vis-a-vis des differentes doses d' acetylcholine, d’une meme 

quantite de 2559 F. 

Le concept de pA x suppose par hypothese que, quelque soit la con- 
centration de la substance active mise en jeu, Pinhibition produite par 
l’adjonction d’une quantite donnee de la substance inhibitrice sera 
necessairement constante. 

Prenant l’exemple de l’antagonisme atropine-acetylcholine, on obser- 
vera que si une concentration donnee d’atropine (1 mg/1.) diminue 
efficacement la contracture acetylcholinique, reduisant a celui de 
0,02 mg/1, l’effet d’une dose de 0,04 mg., la meme quantite d’alcalo'ide 



Fig. i 

La ligne a) joint les valeurs correspondant aux hauteurs des contractions consecutives 
a 1’addition de doses d’acetylcholine croissantes. 

La ligne b ) represente l’effet des memes concentrations d’acetylcholine, agissant en 
presence d’une quantite constante de curare (2559 F., 1 mg/ 1 ). 

On a figure en pointille ( ) une ligne paraltele a la ligne a), qui figurerait la hauteur 

des contractions dans le cas ou la meme dose de curare exercerait un effet constant sur 
les differentes concentrations d’acetylcholine. 


devra egalement amener a Paction de 0,16 mg. l’effet de 0,08 mg/1, et 
ainsi de suite. Cette observation, deja formulee par Gaddum, fut con- 
firmee par Schild, mettant en ceuvre divers groupes de substances 
antagonistes. 

Schild put conclure de ses experiences qu’il n’existait du point de 
vue statistique, pas de divergence significative entre les courbes obtenues 
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en ajoutant differentes concentrations de la substance active en presence 
oil en 1’absence d’une quantite fixe de 1’antagoniste. 

De nos propres essais nous avons ete amenes a conclure que 1 ’effet 
d’une quantite donnee de 2559 F. n’est pas le merae sur les contractures 
provoquees par differentes concentrations d’acetylcholine, mais qu’il 
diminue progressivement lorsqu’augmentent les doses de l’effecteur 
(Fig. i). 

Cette observation doit etre mise en rapport avec la nature des sub- 
stances antagonistes que nous avons utilisees et avec la forme parti- 
culiere de l’equilibre qui les oppose, comme avec le fait que, precisement 
dans cet antagonisme du 2559 F. et de 1 ’acetylcholine, on a deja note 
un ecart particulierement marque entre les valeurs pA 2 et pA 10 . 

Dans les essais rapportes a la figure 1 l’ecart entre les valeurs obtenues 
et les valeurs calculees dans les differentes experiences, nul pour une 
concentration en acetylcholine de 0,4 mg/1, atteint 20 % pour une 
concentration de 0,8 mg/1., 40 % pour la concentration de 1,6 mg/1, et 
60 % enfin pour la concentration de 3,2 mg/1. 

Le fait que des differences systematiques analogues n’aient pas ete 
rapportees dans les essais realises sur 1’intestin isole avec d’autres sub- 
stances, tient peut-etre aux variations statistiques que comporte l’expe- 
rience; il ne saurait etre affirme qu’elles n’existent pas puisque dans 
les cas rapportes egalement, l’ecart entre les valeurs observees de pA 2 
et pA 10 laisserait supposer que l’effet de la substance antagoniste diminue 
lorsque s’accroit la concentration de la substance active. 


Determination des concentrations d’acetylcholine et de 2559 F. necessaires 
pour obtenir une reponse biologique constante 

La recherche des differentes concentrations, tant en acetylcholine 
qu’en curare, dont la combinaison conduit a une contracture de hauteur 
constante fournit du meme phenomene une illustration qui complete 
celle des experiences precedentes. 

Si l’effet produit par une concentration determinee de 1’antagoniste 
etait effectivement independante de la concentration de la substance 
active, on devrait constater egalement dans cet essai oil la reponse 
biologique recherchee est egale, qu’a chaque augmentation de la con- 
centration de l’un des produits correspond un accroissement propor- 
tionnel de l’autre. 

L’experience permet avec une particuliere evidence d’observer qu’il 
n’en est rien; la concentration du 2559 F. augmente beaucoup plus 
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rapidement que ne s’accroissent les concentrations correspondantes en 
acetylcholine. 

La figure 2 traduit ces resultats, montrant que si a une dose d’acetyl- 
choline de o,8 mg/1, correspond une quantite de 1,9 mg. de 2559 F., 
a 1,6 mg. d’acetylcholine correspondront 9 mg. de 2559 F.; a 4 mg. 
d’acetylcholine 40 mg.; a 6,4 mg. d’acetylcholine 80 mg. de 2559 F. 



La courbe dans ce cas ne fait qu’illustrer un autre aspect de 1 ecart 
signale plus haut entre les valeurs theoriques et obtenues que 1 on doit 
attribuer aux indices pA 2 et pA 10 . 


Variations selon la concentration initiate en acetylcholine des valeurs 

observees de V indice pA 2 


Si, dans l’experience precedente l’on a ete conduit a reconnaitre que 
la valeur de l’effet du curarisant variait selon la concentration de 1 acetyl- 
choline mise en oeuvre, il devient evident que cela impliquera egalement 
un facteur de variation nouveau dans la determination de la valeur 
meme de l’indice pA 2 . 

Une serie de determinations montre que, dans les cas de 1 antagonisme 

2559 F./acetylcholine il en est bien ainsi. 

Determinant l’indice pA 2 dans des conditions suffisamment differentes, 
on a effectivement constate que les concentrations en acetylcholine 
utilisee sont susceptibles de faire varier les resultats obtenus, la va eur 
de pA 2 observee diminuant progressivement lorsque croit la dose 
l’acetylcholine mise en oeuvre dans les essais. 
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Bromure d’acetylcholine 

2 559 F. — Quantite necessaire 
pour rendre 1’efFet de 1’acetylcholine 
equivalent a x/z 

mg/1 

cone. mol. (*) 1 

-log. 

mg/1 | 

concentration 

/>A* 



cone. 

1 

moleculaire 

(-log. cone.) 

o,8 

3.5 • i °' 6 

5-45 

1.9 

2,1 . IO ' 6 

5-67 

4 

1,77 • i°‘ s 

4.75 

4 

4,4 • io’ 6 

5,35 

20 

8,8 . icr 6 

4.05 

6,5 

7,2 . IO ' 6 

5,i4 


Discussion des Result ats 

Les phenomenes d’antagonisme pharmacologiques dans lesquels a 
l’effet d’une substance effectrice s’oppose efficacement Faction d’upe 
substance inhibitrice qui s’exerce au niveau d’un meme recepteur, 
revet au point de vue quantitatif des aspects differents suivant l’impor- 
tance que prennent les phenomenes d’equilibre qui peuvent survenir 
au cours de la reaction. 

Le cas le plus simple constitue ce que Fon peut appeler Vantagonisme 
par combinaison stable ; dans ce cas Fequilibre avec le recepteur des 
deux substances antagonistes est completement deplace en faveur de la 
combinaison substance paralysante-recepteur. 

C’est a ces conditions dans lesquelles la depression produite par une 
concentration donnee de Fantagoniste est independante de la concen- 
tration utilisee de l’effecteur, que la conception de pA x repond de la 
fac^on la plus adequate. L’analyse qu’en a donne Schild montre que 
l’antagonisme qui s’observe au niveau de Fintestin de cobaye entre 
l’atropine et l’acetylcholine repond assez exactement a ce mecanisme, 
qui par ailleurs parait assez repandu. 

Par analogie avec ce qui s’observe tant en chimie qu’en enzymologie, 
on peut supposer qu’il existe un second type d’antagonisme, Vantagonisme 
competitif dans lequel interviendront entre les deux substances anta- 
gonistes des reactions d’equilibre. 

L’antagonisme competitif correspond au cas ou, additionnant les deux 
substances antagonistes en vue d’obtenir une serie de reponses d’mten- 
site egales, on constate que le rapport entre les concentrations de 1 une 
et de Fautre des produits, loin d’etre constant, s’accroit regulierement 
a mesure qu’augmente la quantite de l’effecteur mis en jeu. 

Nous avons montre dans une precedente publication (6) qu’on pouvait 
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donner de ce fait une interpretation theorique, si Ton considerait par 
hypothese le curare (2559 F.) comme constitue par les molecules d’une 
« fausse acetylcholine » susceptibles de reagir avec les recepteurs selon 
un equilibre identique a celui de l’acetylcholine sans provoquer la 
contracture du muscle. 

On pourra alors conduire l’experience dans les conditions suivantes. 
Imaginons tout d’abord que l’on ajoute a la solution saline de Ringer 
qui baigne un muscle droit de grenouille une quantite (x) d’acetyl- 
choline telle qu’elle provoque une contraction (h) constante, ayant 
renouvele le liquide physiologique, il correspondra a l’addition d une 
quantite double (2 x ) d’acetylcholine une seconde reponse d’une ampli- 
tude notablement superieure. Que se passera-t-il si, a la solution con- 
centree d’ acetylcholine de concentration (2 x), nous substituons une 
nouvelle solution dans laquelle a la meme quantite (2 x) d’acetylcholine, 
l’on aura ajoute un nombre egal de molecules de la « fausse acetyl- 
choline » ? Du fait que les recepteurs auront egalement la possibilite 
d’entrer en reaction avec l’une et l’autre des deux substances, « vraie » 
et « fausse » acetylcholine, il resultera que la probabilite de reagir de la 
« vraie acetylcholine » sera diminuee dans la proportion de 1/2 ou 
encore que la quantite d’acetylcholine vraie susceptible de manifester 
un effet contracturant sera representee par la moitie de la quantite d ace- 
tylcholine reellement presente; elle correspondra a (2 x)~ = (x) et la 
hauteur de la contraction consecutive a l’addition du melange sera 
equivalente a la contraction h que provoquait deja, solution initiate 
d’acetylcholine de concentration (#). 

En generalisant le raisonnement precedent, on peut indiquer que, 
voulant constamment rejoindre l’effet d’une quantite (x) d acetylcholine, 
en ajoutant a la solution une dose d’acetylcholine superieure (n x), il 
sera dans chaque cas necessaire de diminuer la probabilite de reagir 
de cette dose, en introduisant dans la solution un nombre de molecules 
de la « fausse acetylcholine » tel que la quantite d acetylcholine repre 

sente le - e du nombre total des molecules; la quantite de substances 
actives apparait en effet dans ce cas constante et egale a (x) . 

(» *) x l = (*) 

La table suivante indique, par quelques exemples, quels seront dans 
ce cas les accroissements de quantite de fausse acetylcholine necessa r , 
pour que l’effet du melange soit constamment egal a celui une 
centration (#) d’acetylcholine. 
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Acetylcholine vraie (a;) 

Fausse Acetylcholine (y) 

X 

O 

2 X 

2 y 

4 -v 

12 y 

8 * 

56 y 

16 X 

240 y 

32 s 

992 y 


D’une mani&re generale, il correspond au terme n x une valeur 
n(n — i) y. 

Toujours dans le cadre de l’hypothese proposee ou l’acetylcholine 
« vraie » et la « fausse acetylcholine » presenteraient pour les recepteurs 
une meme affinite, on suppose que les valeurs de x et de y sont egales; 


dans le cas contraire, on peut facilement deduire le rapport - en tenant 
compte des resultats de l’experience realises avec une concentration 
2 x d’« acetylcholine vraie » et 2 y de la « fausse acetylcholine ». 

II apparait des lors que les rapports entre les deux substances anta- 
gonistes obeissent a des lois bien differentes suivant le type de l’anta- 
gonisme envisage. 

Selon le concept de l’antagonisme competitif qui vient d’etre deve- 
loppe la quantite de l’inhibiteur necessaire pour reduire n fois l’effet 
d’une quantite determinee x de 1’efFecteur, varie dans le rapport (*) : 


Inh.„ = 


n(n — 1) 


Inh.n 


(1) 


alors que dans le cas de l’antagonisme irreversible, le meme phenomene 
est represente par l’equation : 

Inh.„ = | Inh. 2 (2) 

Les experiences qui concernent l’antagonisme exerce par le 2559 F. 
vis-a-vis de l’acetylcholine sur le muscle droit de la grenouille, sans 
repondre entierement aux exigences d’une reaction parfaitement com- 
petitive, obeissent a une relation mathematique suffisamment voisine 
de celle que fournirait 1’equation (1). 

On peut observer a ce sujet que les deux equations (1) et (2) peuvent 
etre considerees comme les cas particuliers d’une formule plus generale : 

Inh.„ = | (n — i) k Inh. 2 o < k < 1 (3) 

dans lequel k figure un coefficient empirique. 


C 1 ) Inh. n = quantite de l’inhibiteur necessaire pour que I’effet d’une dose (n x) de 
1’efiFecteur se ramene a la reaction provoquee par la dose (x). 

Inh.» = quantite de l’inhibiteur necessaire pour que l’effet d’une dose (2 x ) de 1’effecteur 
se ramene a la reaction provoquee par la dose ( x ). 
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L’equation de l’antagonisme par combinaison stable correspondra a 
une valeur k = 0, tandis que Pequation de 1’antagonisme parfaitement 
competif correspond a la valeur k = 1. 

Le cas qui par la pratique parait le plus frequent, ou Pantagonisme 
pharmacologique n’obeit parfaitement a aucune des deux equations, 
peut dans cette hypothese correspondre aux valeurs intermediates du 
meme coefficient. On a effectivement constate que, en introduisant 
dans Pequation (3) une valeur k = 0,66, on parvient a des valeurs 
suffisamment approchees d.es resultats de Pexperience. 

Concentration de 2559 F. et d' acetylcholine dont Vaddition est susceptible de reproduire 
Veffet d’ttne meme dose (0,4 mg/1) d' acetylcholine 


2559 F. (mg/ 1 ) 


Acetylcholine 

(mg/1) 

t 

Trouve 

Calcule 

1 

selon Inh. n = | (w-i) 

k Inh . 2 

i 

k = 0 

Antagonisme par 
combinaison stable 

k = 1 

Antagonisme par- 
faitement competitif 

k = 0,66 

o ,8 

1,9 

i,9 

t,9 

i,9 

x ,6 

9 

3,8 

n,4 

7,8 

4 

40 

9,5 

85,5 

40,4 

6,4 

1 80 

15,2 

228 

90,7 


Ce fait peut etre mis en rapport avec Paction relativement labile du 
2 559 F. sur le muscle de la grenouille et peut-etre aussi avec Pobservation 
que l’on peut reconnaitre un plan commun aux molecules d’acetyl- 
choline et de 2559 F. 

Les faits exposes representent une methode precise de la mesure de 
la fixation de Pantagoniste au recepteur, phenomene qui a ete recemment 
analyse par Rocha et Silva (7) qui a utilise une technique entierement 
differente. 

Le cas de Pantagonisme parfaitement competitif est un cas limite qui 
ne repond entierement jusqu’ici a aucune donnee experimentale. II 
apparait cependant qu’il est susceptible d’expliquer les anomalies 
apparentes qui n’obeissent plus au cas egalement extreme de 1 an tago- 
nisme irreversible. 

En dehors du 2559 F. les couples d’antagonistes neoantergan/histamine 
et dolantine/acetylcholine representeraient d’autres cas, oil 1 antagoniste 
n’etablit avec le recepteur qu’une liaison relativement labile et ou s etablit 
entre effecteur et inhibiteur un antagonisme qui n’est qu en partie 
competitif. 
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Le critere depA* devant permettre d’attribuer un indice correspondant 
a la puissance de l’antagonisme exerce des substances de types tres 
divers, il apparait a la lumiere des faits precedemment rapportes qu’il 
sera utile de lui adjoindre dans chaque cas l’indication de la concentra- 
tion de la substance active mise en oeuvre. 

Ayant elimine de la sorte la possibility des ecarts dus a 1 ’emploi des 
differentes doses d’effecteurs, l’indice pA x de Schild presentera une 
plus grande precision et une valeur plus generale dans la comparaison 
et la classification des produits antagonistes. 


Resume 

L’antagonisme entre un curare de synthese (2559 F., triiodoethylate 
de tri-(/?-diethylaminoethoxy) 1,2, 3-benzene) et l’acetylcholine revet, 
sur la preparation du muscle droit abdominal de grenouille qui s’est 
demontre un materiel parfaitement adequat a une telle etude, un type 
particular dans lequel l’effet d’une dose fixe de la substance antagoniste 
est susceptible de varier dans une large mesure selon la concentration 
utilisee de la substance active. 

L’analyse du phenomene dont on a propose une expression mathe- 
matique, a revele qu’il pouvait s’ interpreter en partie comme une 
reaction d’equilibre entre les deux substances; la presence simultanee 
d’un antagonisme dit de combinaison stable avec un antagonisme com- 
petitif est egalement susceptible de foumir de plusieurs donnees citees 
par la litterature, une representation approchee. 

On a reconnu par ailleurs que la notion de pA x ne s’applique pas 
integralement aux antagonistes du type competitif et qu’il peut y avoir 
interet a joindre dans certains cas, a 1’indice lui-meme, l’indication 
de la concentration utilisee de 1’effecteur. 


Summary 

The antagonism between a synthetic curare (2559 F.) (triiodoethylate 
of tri-(/S-diethylaminoethoxy)i, 2, 3-benzene) and acetylcholine for which 
preparations of abdominal muscle of the frog have been shown to be a 
perfectly adequate material in this study, shows a particular type of 
reaction in which the effect of a fixed dose of the antagonistic substance 
is susceptible to large variations according to the concentration of 
active substance utilised. 
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The analysis of this phenomenon, for which a mathematical expression 
has been proposed, has suggested that it may be interpreted in part 
as an equilibrium reaction between the two substances ; the simultaneous 
presence of an antagonism of stable combination with a competitive 
antagonism is susceptible to adequately explain many other examples 
quoted in the literature. 

It has been recognised on the other hand that the idea of pA x cannot 
be entirely applied to antagonisms of competitive type and that it may 
be necessary to add to this index in certain cases, the indication of 
the concentration of the active substance used. 
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Introduction 

Au cours de nos recherches sur les produits de synthese presentant 
des proprietes curarisantes, recherches dont le point de depart avait ete, 
comme nous l’avons indique dans la premiere partie de ce memoire (1), 
la constitution de la </-tubocurarine elle-meme, nous avons ete amenes a 
examiner Paction sur le muscle strie des ethers-oxydes que forment, 
avec les phenols, la choline et les aminoalcools homologues. 

L’un des premiers composes que nous avons etudies, le diiodomethy- 
late de bis(/LdimethyIammonium-ethoxy)-4-4'-diphenyIe (B) se trouve 
etre precisement un isomere du diiodomethylate de bis(dimethylamino- 
2-2'-phenoxy)- 1-4-butane (A), dont Pactivite a ete envisagee dans le 
travail precedent. 

Les deux molecules, quoique tres differentes, renferment l’une et 
Pautre deux noyaux benzeniques; elle contiennent les memes fonctions 
ethers oxydes, les memes radicaux ammonium quaternaires ; on a 
constate qu’elles exercent chez Panimal des effets physiologiques ana- 
logues. 

P) Note preliminaire : D. Bovet, F. Depierre et Y. de Lestrange. C. R. Ac. Sc., 

1947 , 2 ? 3 , 74 - _ . 

( 2 ) Adresse actuelle : Laboratorio di Chimica Terapeutica, Istituto Superiore di 

Sanita, Roma (Italia). 
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/\ 

X/ - 0 (CH 2 ) 4 - 0 - 

I-N 


\/ 

N-I 


(CH 3 ) 3 


(ch 3 ) 3 


A 


Dose curarisante 

(lapin i.v.) ... 0,5 mg./kg. 


f'-o<Z>-C 

CH» 

I 

I-N 

I 

(CH 3 ) 3 

B 


^) 0 -CH„ 

CH» 

! ‘ 
N-I 

! 

(CH 3 ) 3 


2 mg./kg. 


La suite de nos recherches nous a conduits a constater l’existence 
de Taction curarisante particulierement elective des ethers des poly- 
phenols, pyrocatechine, resorcine, hydroquinone et pyrogallol. 


Les ethers formes par condensation des aminoalcools et des phenols 
ont fait l’objet de nombreuses investigations dans les domaines les plus 
divers de la pharmacologie ( x ). Les effets anesthesiques locaux, assez 
frequents dans la serie des ethers phenoliques qui se rapprochent par 
la des esters benzoiques, ont donne lieu a plusieurs brevets dont le 
premier remonte a 1906. E. Fourneau, en 1910, a signale dans le groupe 
des proprietes antithermiques. 

Dans le domaine des poisons du systeme nerveux vegetatif, il a ete 
constate avec differents termes de la serie, des effets ocytociques, sym- 
patholytiques, sympathomimetiques, un antagonisme vis-a-vis de la 
fibrillation cardiaque et une activite antihistaminique. 

Les premiers ethers des polyphenols paraissent avoir ete prepares 
par Druey (2) en 1936 et par Strickler (3) en 193 8, mais T etude de 
ces amines tertiaires, realisee a cette epoque par l’un de nous dans le 
Laboratoire de Chimie Therapeutique de 1’Institut Pasteur, ne permit 
de mettre en evidence aucune propriete pharmacologique tres caracte- 
ristique; Taction sympatholytique des diethers des diphenols etait en 
particulier plus restreinte que celle des monoethers phenoliques corres- 
pondents. 

C’est en 1929 que Hunt et Renshaw ont etudie les premiers ethers 
phenoliques a fonction ammonium quaternaire. 

Dans deux publications successives, les auteurs ont, en particulier, 
reconnu T activite essentiellement hypertensive et nicotinique de Tether 
phenolique de la choline [io do methyl ate de /3-dimethylaminoethoxy- 

P) Nous avons fait figurer dans l’ouvrage suivant une bibliographic etendue concer- 
nant les proprietes pharmacodvnamiques des ethers phenoliques : D. Bo%'ET et F. Bo\t:t- 
Nitti, Structure et activite pharmacodynamique des medicaments du systeme ner\ eux 
vegetatif, Karger, Bale, 1948. 


4 
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benzene, ou phenoxycholine (I)] qui manifeste une activite voisine de 


OCH„CH 2 N(CH 3 ) 3 1 
/\ 


\/ 

I 


OCH„CH 2 N(C 2 H 5 ) 3 1 

\/ 

hi 


celle de la nicotine elle-meme, (4) puis les proprietes de l’iodoethylate 
de jS-diethylaminoethoxybenzene (III) (5). 

Les deux produits ont ete examines par Hunt au seul point de vue 
des effets muscariniques, excitants nicotiniques ou paralysants nicoti- 
niques qu’ils etaient susceptibles d’exercer sur le systeme neuro-vege- 
tatif. Nous en avons fait le point de depart d’une serie de derives 
nouveaux dont la synthese a ete realisee par 1’un d’entre nous (6) et 
dont on a examine, dans le travail qui suit, les effets qu’ils exercent 
sur la transmission neuro-musculaire. 


I — C 6 H 5 O.CH 2 CH 2 N(CH 3 ) 3 I 
II — 1 , 3 -C 6 H 4 ( 0 . CH 2 CH 2 N(CH 3 ) 3 1 ) 2 
III — C 6 H 5 O.CH 2 CH 2 N(C 2 H 5 ) 3 I 
IV— i,2-C 6 H 4 (O.CH 2 CH 2 N(C 2 H 5 ) 3 I) 2 

V — i,3-C 6 H 4 (O.CH 2 CH 2 N(C„H 5 ) 3 I) 2 

VI — i,4-C 0 H 4 (O.CH 2 CH 2 N(C 2 H 5 ) 3 I) 2 
VII — i, 2 , 3 -C 6 H 3 (0 . CH 2 CH 2 N(C 2 H 5 ) 3 I), 


= iodomethylate de dimethylaminoethoxy- 
benzene 

= diiodomethylate de bis(dimethylamino- 
ethoxy)-i,3-benzfene. 

= iodoethylate de diethylaminoethoxy-ben- 
zene. 

= diiodoethylate de bis(diethylamino-etho- 
xy)- 1, 2-benzene. 

= diiodoethylate de bis(diethylamino-etho- 
xy)-i, 3-benzene. 

= diiodoethylate de bis(diethylamino-etho- 
xv)-i, 4-benzene. 

= triiodoethylate de tri-(diethylamino-etho- 
xy)- 1, 2, 3-benzene (2559 F). 


C’est au dernier de ces produits dont les proprietes nous ont paru 
specialement remarquables, que nous nous sommes particulierement 
arretes. 

Le 2559 F, depuis la publication de notre note preliminaire (1), a 
fait 1 ’objet egalement des recherches de Depierre (7), de Van den 
Ostende (8), de Wien (9) et de Bulbring et Depierre (10). 

Le produit represente aussi le premier curare de synthese qui ait ete 
utilise en medecine humaine comme adjuvant de 1’anesthesie, a la suite 
des diverses experimentations cliniques de Huguenard et Bou£, de 
Huguenard (ii), et de Mazzoni, Baisi et Longo (12) ( 1 ). 

( J ) Le 2559 F, etudie egalement sous le n° 3697 R.P., a ete introduit en pratique 
chirurgicale en France sous le nom de « Flaxedil » par la Societe Parisienne d’Expansion 
chimique Specia, et en Italie, sous la denomination de « Sincurarina », par la Societe 
Farmitalia de Milan. 
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PROPRIETES DES ETHERS PHENOLIQUES k FONCTION 
AMMONIUM QUATERNAIRE 

A. — Ethers de la Choline. 

I — Ainsi qu’il a ete rappele plus haut, les proprietes pharmacody- 
namiques de l’ether que forme la choline avec le monophenol, l’iodo- 
methylate de /3-dimethylaminoethoxy-benzene ou phenoxycholine (for- 
mule I, p. 457), ont deja ete rapportees par Hunt et Renshaw (4) (5). 

L’injection au chien chloralose est suivie d’une hypertension et de 
polypnee aux doses faibles, d’une hypotension aux doses elevees. Ces 
faits ont ete interpretes comme la demonstration de l’activite nicotinique 
du compose; les faibles doses agissent en stimulant simultanement les 
ganglions sympathiques et l’adrenalino-secretion : a la suite de 1 injection 
de doses elevees, il survient, comme apres la nicotine, une paralysie 
ganglionnaire. 

Les effets tensionnels de la phenoxycholine sont a peu pres aussi 
intenses que ceux de la nicotine elle-meme, et la dose qui provoque 
une paralysie ganglionnaire est elle aussi du meme ordre de grandeur 
pour les deux produits. 

Bien qu’on ait deja reconnu a la phenoxycholine une toxicite relative- 
ment elevee, le mecanisme de l’intoxication n’avait pas ete etabli. 
Chez le chien nous avons constate que 1’injection d’une dose de 2 ou 
5 mg s’accompagnait deja d’une paralysie de la transmission synaptique 
au niveau des muscles stries. La cause de la mort serait par consequent, 
pour la phenoxycholine comme pour la nicotine, attribuable a une 
curarisation et a une paralysie des centres respiratoires evoluant paral- 
lelement. 

Chez le lapin, et particulierement lorsque 1’animal est soumis a la 
respiration artificielle, la curarisation apparait avec une particuliere 
nettete. Par voie intraveineuse, la dose toxique est de 4 mg/kg, a la 
suite de l’injection de 40 mg 1’animal reste curarise pendant 40 minutes 
environ. 

Quoique manifestant des proprietes curarisantes aisement reconnais 
sables, la phenoxycholine ne represente cependant pas un poison 
curarisant typique, car l’activite qu’elle manifeste par ailleurs su ^ e 
systeme cardio-vasculaire est trop importante pour qu il soit poss 
de la considerer comme un substitut des alcaloides nature s 


curare. 



Fig. i 


Action de Viodomethylate de dimethylaminoethoxybenzene ( phenoxycholine') stir la trans- 
mission netiro-musculaire, les mouvements respiratoires et la pression arterielle du chien 

A dose faible (0,01 mg/kg) la phenoxycholine provoque les effets typiquement nico- 
tiniques decrits par Hunt et Renshaw : hypertension brutale et augmentation simultanee 
de la frequence et de l’amplitude respiratoire. 

L’action depressive sur la transmission neuro-musculaire commence a devenir mani- 
feste aux doses de 2 et 5 mg. Elle est particuliferement visible aux doses elevees (10 et 
20 mg), a la suite desquelles la curarisation evolue parallelement sur Ie muscle gastrocne- 
mien et sur la motilite respiratoire. 

a. — Contraction du muscle gastrocnemien mis a nu, consecutive a l’excitation 
electrique du sciatique par des courants d’intensite croissante. 

b. — Mouvements respiratoires; pendant la phase de paralysie musculaire complete, 
l’hematose est assuree par un courant d’oxygene porte par une sonde directement au 
niveau des grosses bronches. 

c. — Pression arterielle. 

d. — Stimulations du nerf sciatique et injections d’iodure de phenoxycholine (mg/kg). 

e. — Temps (10 sec.). 
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II — Le diiodomethylate de bis(j3-dimethylaminoethoxy)-x, 3-benzene 

O.CHoCH,X(CH 3 ) 3 I 

/\ 

N/ 0 . CH 2 CH,X(CH 3 ),r 
II 

(II) manifeste aux memes doses (235 nig/kg i.v.) un effet curarisant 
exactement superposable a celui du derive du monophenol. Chez le 
chien cependant, les effets tensionnels hvpotenseurs du derive diammo- 
nium (II) sont bien moins marques puisqu’il faut injecter par voie i.v. 
une dose de 5 mg/kg pour entrainer une reaction comparable a celle 
que provoque 0,1 mg de phenoxycholine (I). 

Le diiodomethylate de bis-(dimethylaminoethoxy)-i ,3-benzene est 
toxique, comme la phenoxycholine, a la dose de 4 mg/kg (voie i.v.) pour 
le lapin. 

B. — Ethers de V hydrate de triethylethanol ammonium. 

III — Le contraste que presentent, avec les effets tensionnels de la 
phenoxycholine, ceux qu’exerce l’iodoethylate de /Ldiethylaminoethoxy- 
benzene (formulelll, p. 174) a ete signale en 1933 deja par Hunt et 
Renshaw (4) qui Font a juste titre compare a l’opposition qui separe 



2 heures 2 h.30 3 heures 


Fig. 2 

Action du triiodoethylnte de tri- ( diethylmninoethoxy)- i,z, 3-benzene (2559 P) sur te lupin. 
Injection d'une dose de 2 ?ng/kg par voie sous-cutanee 

L’efFet du curare se traduit en dehors de la reaction « head-drop » par un relachement 
de la paroi abdominale. U effet, visible apres 15 minutes, atteint son maximum une heurc 
apres et se prolonge environ pendant trois heures. 
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les effets des sels de tetramethylammonium et de tetraethylammonium. 

L’iodoethylate de /S-diethylaminoethoxy-benzene (III), qui repre- 
sente Tether phenol ique d’un aminoalcool — l’hydrate de triethyl- 
ethanolammonium — volontiers designe par les pharmacologues sous le 
nom de « triethylcholine », apparait en effet, contrairement a la phenoxy- 
choline, comme tres peu toxique ; il ne provoque ni polypnee, ni hyper- 
tension aux faibles doses et manifeste seulement une action hypotensive 
et nicotinique paralysante a partir de 1-2 mg/kg. 

Nos propres observations, en plus de la confirmation qu’elles apportent 
des resultats obtenus par Hunt et Renshaw, permettent d’indiquer que 
le produit n’exerce qu’une action curarisante extremement reduite. II 
faut en injecter 40 a 50 mg/kg au chien pour obtenir l’interruption de la 
conduction synaptique, a une dose qui, par ailleurs, provoque une 
hypotension profonde et durable. Chez le lapin, la dose curarisante 
head-drop (10 mg/kg) est encore cinq fois superieure a celle de Tether 
phenolique de la choline (I). 

IV — V — VI — Les trois diethers que forment 1 ’iodure de Thy- 
drate de jS-triethylethanolammonium avec les trois diphenols isomeres 
ont ete compares a l’iodoethylate de /Ldiethylaminoethoxy-benzene (III). 


O . CH 2 CH 2 N(C 2 H E ) 3 I O . CH 2 CH 2 N(C,H 6 ) 3 I 

' /X 'O.CH 2 CH 2 N(C 2 H 6 ) 3 I ^ 






O.CH 2 CH 2 N(C 2 H E ) 3 I 


IV 


O.CH 2 CH 2 N(C 2 H 6 ) 3 I 

/\ 


\/ 

O.CH 2 CH 2 N(C 2 H 5 ) 3 I 

VI 


A des degres un peu differents, le diiodoethylate de bis(diethylamino- 
ethoxy)-i, 2-benzene (IV), le diiodoethylate de bis-(diethylamino)- 1,3- 
benzene (V) et le diiodoethylate de bis-(diethylaminoethoxy)- 1,4- 
benzene (VI) manifestent tous trois, par rapport a Tether phenolique 
correspondant, des effets tensionnels moins marques et une action 
singulierement accrue sur la transmission neuro-musculaire. 

Chez le lapin, la dose curarisante toxique est, pour Tether de la pyro- 
catechine (IV): de 1,5 mg; pour Tether de la resorcine (V): 1 mg; pour 
Tether de l’hydroquinone (VI) : de 3,5 mg. Les trois produits exercent 
aux memes doses des effets analogues chez le chien. 

Le contraste enfin que Ton rencontre entre les proprietes des ethers 
monophenoliques et diphenoliques de l’hydrate de triethylethanol- 
ammonium nous a, a ce point de nos recherches, incites a etudier egale- 
ment Tether d’un triphenol. Nous sommes par cette voie parvenus au 
derive 2559 F. 
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Activity curarisante du triiodoethylate de tri(£-diethylamino~ 
ethoxy)- 1,2, 3, -benzene (2559 F) 

Le triiodoethylate de tri-(/?-diethyIaminoethoxy)-i,2, 3-benzene est un 
poison curarisant sur la grenouille qu’il paralyse a la dose de 10 mg/kg 
en injection s.c., temoignant d’une activite curarisante 20 fois moins 
intense que celle de la tAtubocurarine; celle-ci, d’apres King (13), 
paralyse la grenouille a 0,5 mg/kg. 

Sur la preparation du rectus abdominal isole de grenouille, le 2559 F 
se montre de meme environ 20 fois moins actif que la rf-tubocurarine 
comme antagoniste de la contracture provoquee par F acetylcholine. 

Par voie i.v., chez la souris et chez le rat, le 2559 F est peu toxique 
(Tableau I). Chez le lapin, le chien et chez le chat (10) il se revele 
par contre un curarisant actif, environ 334 fois moins efficace 
cependant que la rf-tubocurarine (Fig. 2). 

Sur le tibial anterieur du chat (10) prepare d’apres la technique de 
Brown (14) il previent la contraction du muscle stimule par une 
injection arterielle proche d’acetylcholine a une dose legerement 
inferieure a la dose curarisante. 

Les essais realises sur le lapin soumis a la respiration artificielle per- 
mettent de mettre en evidence la duree et le caractere electif de Faction 
que le produit exerce sur les muscles stries. 

L’injection i.v. de 6,5 mg de produit provoque une paralysie qui dure 
2 h. 40; l’injection de 32,5 mg une paralysie de 6h., et il faut injecter 


Tableau I 


mg/kg 



Voie 

i.v. 

Voie 

i.m. 

Voie 

ss-cut. 

Voie 

bucc. 

2559 F 

grenouille 

D. curar. 



IO 



souris 

D. tox. 50 

4,5 


15 

425 


rat 

D. tox. 50 

5,5 


25 



lapin 

D. curar. 

o ,5 

0,75 

i ,5 




D. tox. 50 

0,65 

2-3 

2 - 3,5 

100 


chien 

D. curar. 

0,4 



: 



D. tox. 50 

0,8 




d - T ubocurarine 

grenouille 

D. curar. 



0,50 



souris 

D. tox. 50 

0,25 


1,25 



lapin 

D. curar. 

0,15 


o ,5 




D. tox. 50 

0,16 





chien 

D. curar. 

0,2 






D. tox. 50 

o,5 














On observe, a la suite de l'injection de 2559 F : 

— & la suite 0,2 mg/kg : :me diminution transitoire de l’amplitude respiratoire ; ... . h'lit^ 

— apres 0,5 mg/kg : un Lrret des mouvements respiratoires qui s’accompagne d’une diminution considerable de I excitaDiiue 
indirecte du muscle ; 

— et enfin apres 10 mg/kg : la disparition de la r^ponse du muscle gastrocndmien. 

Le retour & la respiration et h une excitability normale s*ytablit progressivement ensuite. , , 

Les conditions exp^rimentales sont celles memes qui ont dycrites dans la lygende de la fig. 1 ; 1& encore 1 hematose a e 
assurde par un courant d’oxygene pur pendant toute la phase de paralysie respiratoire. . . t 

On notera en particulier 1 ’absence de reaction tensionnelle par des doses de 2559 F qui provoquent une curansation comp«* , » 

alors m£me que l'amplitude de mouvements est tres attynuye, la Constance du rythme qui temoigne de l'integritt du centre respira 
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300 mg, c’est-a-dire environ 500 fois la dose mortelle, pour tuer dans 
un delai de quelques heures un lapin dont la ventilation pulmonaire est 
assuree par une pompe. 

On constate chez le chien, egalement, que Taction curarisante de 
2559 F se manifeste en dehors de toute action toxique; on observe 
seulement une suppression de l’excitabilite vagale qui apparait des 
1 a 2 mg/kg. Le produit de synthese se trouve, a cet egard, tres superieur 
aux curares naturels. 

Tableau II 

Duree de la curarisation consecutive a V injection i.v. au lapin de 2559 F et tolerance de 

V animal aux doses elevees 


Doses en mg/kg 

Nombre de doses 

Duree de la curarisation 

6,5 

10 

2 h. 40 

32,5 

50 

6 h. 

65 

xoo 

> 8 h. 

130 

200 

> 8 h. 

195 

300 

> 8 h. 

260 

4OO 

> 8 h. 

325 

5 °° 

i 

mort en 3 h. 


Assurant l’hematose des chiens places sous narcose au moyen d un 
courant d’oxygene qu’une ' sonde amenait directement au contact des 
bronches, nous avons pu enregistrer les differentes phases de la paralysie 
sans courir le risque de voir les reactions asphyxiques affecter le trace 
tensionnel. 

On constate dans ces conditions, apres Tinjection i.v. d une dose de 
0,2 mg/kg, une diminution passagere de l’amplitude des mouvements 
respiratoires et une paralysie respiratoire apres une administration de 
0,5 et 1 mg/kg (Fig. 3). , . 

L’enregistrement de la reponse mecanique du muscle gastrocnemien 
mis a nu aux excitations d’intensite croissante du bout peripherique du 
nerf sciatique, permet d’ailleurs d’enregistrer au niveau de la muscula- 
ture striee des extremites une diminution progressive de 1 excitabilite 
indirecte; celle-ci a generalement disparu 2 minutes environ apres 1 in 
jection de 1 mg de 2559 F. 

On doit considerer comme particulierement remarquable le ait qu 
dans ces conditions, la pression carotidienne n’est aucunement a ectee 
par les doses moyennes du curare. L’injection brutale d une os ® 

5 mg, susceptible de produire la curarisation complete de anim 
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pendant plus de 3 heures, ne provoque aucune reaction tensionne'lle. 
II faut atteindre 10 mg/kg pour obtenir le faible crochet d’une hypo- 
tension passagere. 

L’action decurarisante de Teserine a pu 6tre raise en evidence dans 
nos essais non seulement chez le chien (Fig. 4) mais aussi dans les con- 
ditions rapportees par Koppanyi et Vivino (15) chez le lapin, et dans 
les experiences realisees chez la souris. 

Nous reproduisons ici (Tableau III) le protocole d’un essai realise 
avec ce dernier animal. 

Tableau III 

Effet protecteur de Veserine au cours de V intoxication de la souris par le 2559 F 


Les produits sont administres par voie sous-cutanee; l’atropine et l’eserine preventive- 
ment 15 min. avant la dose toxique de 2559 F 


2559 F 
mg/kg 

Atropine (100 mg/kg) 

+ eserine 
mg/kg 

Mortalite 

15 


4/4 

15 

0,25 

i/4 

15 

o,5 

| i/4 

15 

1,0 

0/4 

22,5 

1,0 

0/4 

25 

1,0 

o/4 

27,5 

1,0 

0/4 

30 

1,0 

4/4 


Les differentes experiences de controle realisees montrent que le 
2559 F, en dehors de l’action curarisante qu’il exerce, ne manifeste 
aucune activite particuliere sur les muscles lisses; il n’exerce aucune 
action sur 1’intestin isole du lapin a la concentration de 1 mg/litre; il 
n’agit pas sur la musculature bronchi que; instille dans l’ceil du chat 
(1 %) il ne provoque pas de constriction du muscle irien. 

Nous avons deja signale que, jusqu’a concurrence de 10 mg/kg le 
produit n’exerce pas d’effet tensionnel; il ne modifie non plus d’une 
maniere significative ni l’hypertension adrenalinique, ni l’effet ten- 
sionnel de l’adrenaline. 

La regularity avec laquelle on assiste a un retour progressif a une 
respiration normale, sans que le rythme respiratoire paraisse Iui-meme 
a aucun moment altere, constitue deja un signe preciecux en faveur de 
l’integrite des centres chez l’animal curarise par le 2559 F. 

Reprenant, au cours des experiences realisees sur le lapin, une obser- 
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Fig. 5 

Integrite des centres an cours de la curarisation 


On observe chez le lapin la persistance, malgre la curarisation (A : 2559 F, 2 mg/kg), 
de la reaction hypertensive consecutive a une excitation electrique douloureuse de la 
base de l’oreille (S); celle-ci ne disparait qu’a la suite de l’injection (en B) d’une solution 
anesthesique d’urethane (500 mg/kg). 










Fig. 6 

Integrite des centres au cours de la curarisation 

L’injection intraveineuse de 2559 F chez le lapin en A (2 mg/kg) provoque une sensation 
douloureuse qui se traduit, malgre la complete paralysie de I’animal, par une reaction 
hypertensive. 

On observe dans la suite de 1 ’experience que cette reaction a la douieur ne se produit 
plus apr&s qu’on a ajoute a l’effet du curare celui de 1’anesthesique (en B : urethane, 
500 mg/kg i. v.). 




CURARISANTS DE SYNTHESE 


i8 5 


vation formulee par Tilue (16) en 1897, nous avons pu constater que 
1’arc sensible etait, lui aussi, respecte par le curare de synthese. 

Dans Fexperience qui est reproduite a la fig. 6, usant du fait que 
chez le lapin non anesthesie Felectrisation de la base de Foreille par 
un courant faradique provoque une reaction douloureuse qui est regu- 
lierement suivie d’une reaction hypertensive, on a constate que 
l’injection de 2559 F, a dose largement suffisante pour provoquer une 
curarisation complete, exagerait plutot la reponse tensionelle due a 
Fexcitation electrique; a F oppose F anesthesie par F urethane, supprime 
totalement la reponse au stimulus sensible. 

Un autre essai montre que l’hypertension consecutive a l’injection 
du 2559 F chez le lapin non anesthesie (Fig. 5) constitue elle-meme 
une reaction douloureuse que previent la narcose. 

II est ainsi possible, dans une experience tres simple, de montrer 
que la notion bernardienne de Fintegrite des centres au cours de la 
curarisation, depuis longtemps reconnue aux curares naturels, peut 
s’appliquer aussi aux curares de synthese. 


Discussion 

L’etude des proprietes curarisantes des ethers phenoliques appelle 
quelques commentaires. 

En premier lieu, elle apporte une confirmation de Fhypothese deve- 
loppee dans la premiere partie de notre travail (1), en ce qui concerne 
F element favorable represente dans la synthese des nouveaux curares 
par la pluralite des fonctions ammonium quaternaires dans la meme 
molecule. 

Considerant le cas des ethers de Fhydrate de triethylethanol ammo- 
nium, on a, en particulier, constate que les polyethers manifestaient 
des proprietes curarisantes plus marquees et des effets tensionnels 
secondaires moins apparents que Fhydrate de triethylaminoetbyloxy- 
benzene. 

II semble qu’il s’agisse la d’une notion assez generale puisque, 
depuis que nous F avons formulee, d’autres faits, encore, sont venus la 
confirmer. A cote de la decouverte par Barlow et Ing {17), et par 
Paton et Zaimis (18) des proprietes curarisantes des termes superieurs 
de la serie des sels de polymethylene bis-trimethylammonium, et des 
observations faites par Fun de nous dans la serie des esters des polya- 
cides aromatiques (19) et aliphatiques (20), on pourra citer Fobservation 
inverse de Craig (21) qui, prenant la molecule de la </-tubocurarine 
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pour point de depart de ses recherches, a observe la relative inactivity 
des monoamines qui peuvent etre considerees comme des produits de 
degradation de la molecule. 

On soulignera le fait que, parmi les plus interessants des curares 
prepares, se trouvent des substances qui sont precisement des derives 
de la choline, comme 1 * acetylcholine elle-meme. Deja dans le domaine 
des poisons du systeme nerveux parasympathique, Blankart (22) puis 
Ing (23) avaient montre que l’antagonisme acetylcholine-atropine 
reposait sur l’existence d’un plan commun dans la molecule, les esters 
de la choline devenant atropiniques a mesure que s’alourdissait le 
poids de l’acide salifiant. 

II semble qu’il en soit de meme dans le domaine de la transmission 
neuromusculaire. Les curares de synthese nouveaux peuvent etre 
represents comme des ethers lourds et stables dont la molecule com- 
porte plusieurs fois le chainon de la choline. Dans ces conditions ils 
manifestent, au niveau de la musculature volontaire, un antagonisme 
vis-a-vis de l’acetylcholine qui est proportionnel a Faction curarisante 
du produit. 

L’etude des proprietes pharmacodynamiques du 2559 F permet 
d’observer aussi bien sur la preparation du muscle droit abdominal de 
grenouille que sur celle du tibial anterieur de chat, cet antagonisme 
qui avait deja ete signal e pour les differents curares naturels et pour 
la rf-tubocurarine. 

Nous avons constate, d’autre part, que 1 ’eserine exer^ait egalement 
vis-a-vis du 2559 F l’effet decurarisant caracteristique qu’elle manifeste 
vis-a-vis des curares bruts et des alcaloi'des purs. 

Ces faits semblent constituer une demonstration supplemental de 
l’existence d’un facteur acetylcholinique dans la transmission de 1’influx 
et viennent corroborer sur ce point l’hypothese qui s’est montree si 
feconde de Dale, Feldberg et Vogt. 

On peut trouver dans cette etude des curarisants de synthese une 
raison nouvelle pour donner au groupe des substances curarisantes 
une definition basee sur l’antagonisme competitif qu’ils manifestent 
vis-a-vis de l’acetylcholine au niveau des recepteurs de la musculature 
striee. 

Cette maniere de voir presente a la fois 1 ’avantage de posseder une 
valeur explicative et celui de donner des curares une definition qui, 
etant plus limitee, assure a ce groupe de substances une plus grande 
homogeneite. 
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Resume 

1) On a reconnu que Tether phenolique de la choline (iodomethylate 
de j3-dimethylaminoethoxy-benzene) (I) manifestait sur les mammiferes, 
en dehors des proprietes nicotiniques deja decrites par Hunt et Renshaw, 
une action curarisante intense. 

2) II existe entre les proprietes de Piodoethylate de jS-diethylamino- 
ethoxy-benzene (III) et Tether phenolique de la choline (I) une diffe- 
rence analogue a celle que Ton observe entre Tiodure de tetra-ethyl- 
ammonium et Tiodure de tetra-methyl-ammonium; ce derive (III) est 
generalement hypotenseur, et n’accuse d’action curarisante qu’a dose 
elevee. 

3) Comparant a celles de Tether phenolique de la choline (I), les 
proprietes du diether forme a partir de la resorcine (diodomethylate de 
bis-(/Ldimethylaminoethoxy)-i, 3-benzene) II, on constate que Tintro- 
duction d’une seconde fonction ammonium quaternaire dans la mole- 
cule en diminue fortement les effets hypertenseurs nicotiniques. 

4) On observe de meme que dans le groupe des derives de Tiodo- 
ethylate de diethylaminoethanol, les diethers de la pyrocatechine (IV), 
de la resorcine (V) et de Thydroquinone (VI), et le triether du pyrogallol, 
triio do ethylate de tri-(/9-diethylaminoethoxy)- 1,2,3-benzene (VII — 
2559 F), sont a la fois plus fortement curarisants et moins hypotenseurs 
que Tiodoethylate de /3-diethylaminoethoxy-benzene (III). 

5) L’etude des proprietes pharmacodynamiques du 2559 F permet 
de reconnaitre le caractere electif de Taction curarisante qu’il exerce. 
Aussi bien sur le chien que sur le lapin et le chat, la paralysie de la 
transmission neuromusculaire ne s’accompagne d’aucun effet secondaire 
marque sur la pression arterielle; il supprime Texcitabilite vagale des 
1-2 mg. 

L’eserine s’oppose efficacement a Taction curarisante du produit. 

6) Les conclusions qui se degagent des experiences rapportees sont 
discutees, en particulier en ce qui concerne la constitution des substances 
curarisantes, les rapports que Ton peut etablir entre la structure des 
curares de synthese et la molecule de Tacetylcholine elle-meme, ainsi que 
la definition que Ton doit donner du groupe des poisons curarisants. 
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One of us (J. F. B.) noted in electromyographic studies on a patient, 
that on stretching of the spastic gastrocnemius the pathological tone 
in the arm muscles decreased temporarily after a “ latent period ” of 
several minutes. The fact that the latent period of this effect was 
similar to that seen in experiments of Dusser de Barenne, McCulloch 
(1941) and Garol (1942) on stimulation of cortical suppressor areas 
in cat and monkey suggested the possibility that afferent impulses from 
“ spastic muscles ” may activate cortical suppressor mechanisms. 
Subsequent experiments by Barker and Gellhorn (1947) showed 
indeed that afferent impulses excite the suppressor areas and that their 
activation by suitable electrical stimulation is accompanied by a diminu- 
tion or suppression of the cortical effects induced by afferent somatic 
and visceral impulses. The present investigation was undertaken in 
order to determine whether afferent impulses originating in contractured 
muscles may temporarily suppress cortically induced movements. 


Methods and Material 

This report is based on 26 experiments performed on 12 cats which 
were tested in Dial-Urethane narcosis ( 2 ). The motor cortex was exposed 
by the usual technique and stimulated at regular intervals (usually 
3 min.) by means of condenser discharges (Goodwin’s apparatus, 
cf. Gellhorn and Thompson, 1944, and Murphy and Gellhorn, 1945). 
The electromyogram (EMG) of the contralateral biceps and triceps was 


P) Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
( : ) Kindly supplied by the Ciba Pharmaceutical Company. 
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recorded with an Offner cryptograph by means of fine copper wires 
which, insulated except for several mm., were sewn into the muscles. 
A contracture of the gastrocnemius was induced either by tenotomy or 
through indirect stimulation. The tenotomy was performed asepti- 
cally x to 4 days prior to the experiment. The tenotomized muscle 
was stretched by means of a lever with 250 to 2000 grams applied for 
1 to 10 minutes. In 5 cats a contracture of the gastrocnemius was 
induced in the anesthetized animal by stimulation of the sciatic nerve 
with condenser discharges of 1 to 2 volts at a frequency of 40 to 90 per 
second for 2 to 8 seconds at intervals of 2 minutes for 1 to 2 hours. 
Afferent impulses from such contractured muscles were elicited by 
slight manual dorsiflexion of the ankle for 10 seconds. Neither of 
the factors mentioned seems to be solely responsible for the contracture. 
However these procedures were effective in cats which had been anesthe- 
tized and suspended in air for 30 hours and more. The recording 
of the E. C. G. in cats and monkeys was done as described in previous 
papers. 


Results 

The alterations in the EMG of the right triceps (induced by electrical 
stimulation of the motor cortex) following the stretching of the right 
gastrocnemius muscle are illustrated in Figure x. In this experiment 
the contracture was produced by sciatic stimulation. Although in the 



Fig. 1 

Cat, Dial-urethane narcosis. 

Contracture in right gastrocnemius induced by sciatic stimulation (2.5 volts, freq. go, 
duration 5 sec. at intervals of 5 min. for 70 min). Cortical stimulation with 6.3 V, 21/sec. 
for 10 seconds at intervals of 3 min. Ordinate : maximal amplitude of E.M.G. of triceps 
in microvolts; Abscissa : time in min. At the arrow the gastrocnemius is stretched 
maximally for 10 seconds. 
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original experiment the EMG of biceps and triceps was recorded, the 
figure of the biceps was omitted in order to save space. The maximal 
height of the EMG expressed in microvolts is indicated during the 
control period and after the application of a light manual stretch applied 
for io seconds to the contractured gastrocnemius muscle. It is seen 
that the EMG shows only slight variation during the control period 
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Fig. 2 

Effect of light manual stretch of contractured gastrocnemius (induced b\ electrical 
stimuli). Electrical stimulation (between the arrows) of the contralateral motor cortex 
(3 volts, frequency 90/sec. , at intervals of 3 minutes for 10 seconds). E.M.G. of ^the 
biceps; d, e, f, g, h, i, j, /, 4, 13, 25, 28, 31, 34 min. respectively after stretch. Note 
suppression at e and i. Read from right to left. 


and for 18 minutes following the stretch of the gastrocnemius. Here- 
after, periods of suppression occur which greatly reduce or even abolish 
the response of the muscle to cortical stimulation. The records of the 
biceps show a very similar, although not strictly parallel, reaction. 
However, all phases of suppression noted in the triceps records were 
likewise present in the EMG’s of the biceps. The suppression elicited 
by muscle stretch is indicated not only by the reduction in the magnitude 
in the visible motor response and the height of the EMG, but also by 
the length of the summation time ( x ). The latter averaged 5 seconds 


( l ) Cf. Cooper and Denny-B wwn (1927). 
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during the control period, but rose to 6.4" 00, 8 ", 8.2”, and co at the 
suppression periods a, b, c, d and e respectively (Figure i). Similar 
changes were noted for the summation time of the biceps. 

Figure 2 demonstrates the effect of stretching a contractured gastroc- 
nemius on the EMG of the biceps. The records a, b, c are selected 
from a large series of control records preceding the stretching of the 
gastrocnemius in order to show the relatively slight changes in EMG 
response observed under control conditions. Records d and e, taken 1 
and 4 minutes respectively after stretch show a slow development of 
suppression in the progressive diminution of the height of the EMG’s 
and the increase in length of the summation time. The suppression 
was maximal seven minutes after stretch and then receded gradually. 
Thirteen minutes post stretch (1) the EMG was normal or slightly 
larger ( 1 ). This record was followed by a series of observations showing 
that the EMG response showed only slight fluctuations for the next 
15 minutes. Then another brief but intensive suppression followed (i) 
from which the animal recovered completely (j). 

As was mentioned earlier, the tenotomized muscle was loaded for 
periods from 1 to 10 minutes. In these experiments it was frequently 
observed that in addition to one or more periods of suppression which 
followed the stretching of the gastrocnemius alterations in the response 
of biceps and triceps to cortical stimulation occurred also during stret- 
ching. In several instances the EMG response was unaltered during 
the first minute of stretch but declined later, e.g. during the 4th minute 
of stretch. However, the EMG response was restored to control values 
on cessation of the stretch. Hereafter, (i.e. after an interval of several 
minutes) 1 or more periods of suppression occurred. In other experi- 
ments an increased EMG response was noted temporarily during the 
stretching of the gastrocnemius. This is well demonstrated in figure 3 ( 2 ) 
which shows in the triceps record ( b ) during stretching not only an 
increased height of the EMG but also an increased after-discharge. 
The increased responsiveness of the biceps is likewise distinct ( b '). 
This experiment shows, in addition, two periods of suppression at 
10 and 25 minutes after stretch (d, d' and /, f respectively). The fact 
that in this experiment the triceps showed tonus, allows one to link 
up these observations with recent studies of Bosma and Gellhorn (1946) 
who showed, in experiments on the motor cortex, that at moderate 

(!) Slight increases in the EMG response above the control were observed several 
times immediately following a suppression (cf. also the height of the EMG following 
the periods a and d in figure i). 

{-) The individual potentials in the biceps record are due to the E.K.G. 
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intensities of stimulation an inhibitory stage commonly preceded the 
period of excitation. This phenomenon is seen in all triceps records 
of figure 3. During marked suppression (d and /) a period of inhibition 
not only precedes, but also follows the period of excitation ( x ). Similar 
phenomena were noted in the experiments of Bosma and Gellhorn 
without the intervention of suppressor action if very weak stimuli 
were applied to the cortex. It seems to follow that the suppression 
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Fig. 3 

Effect of stretching the tenotomized gastrocnemius for 3 min. with 2000 gms. on the 
E.M.G. of the Triceps ( a to g ) and Biceps (a to g') induced by electrical stimulation 
(between the arrows) of the contralateral motor cortex (8 volts, frequency 43/sec., at 
intervals of 3 minutes for 10 seconds). Read from right to left, a and a , controls, 
b and b' , during stretch of gastrocnemius (one minute after loading); cc , dd , ee , ff , gg , 
7 , 10, 16, 25 and 34 min. respectively after stretch. Note suppression at dd 1 andff . 


resulting from the stretching of the gastrocnemius leads only to quanti- 
tative, but not to qualitative changes and that with a decreasing number 
of discharging neurons inhibitory phenomena become increasingly 
predominant. 

It was suggested in Bosma and Gellhorn’s study that as the number 
of discharging neurons increases with increasing intensity 7 or duration 
of the stimulus (facilitation) reciprocal innervation tends to change into 
simultaneous innervation of agonist and antagonist (co-innervation). 
If, as in the experiments of figure 3, a stimulus is employed which 
causes, under control conditions, simultaneous activity 7 of triceps and 


( 3 ) 1 he second period of inhibition may be followed at the end of the stimulation b\ 
a distinct rebound (/). 
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biceps, and if suppression reduces the number of discharging neurons 
evidence for reciprocal innervation should appear. This is indicated 
in record d and d 1 in which at the onset and at the end of the period of 
stimulation inhibition of the triceps is associated with a slight activity 
of the biceps whereas during the remainder of the period of stimulation 
activity of the triceps is associated with inhibition of the biceps. 








Fig. 4 

Effect of sciatic stimulation (Harvard inductorium, 1.5 V at 13 cm and 45 0 , indicated 
by horizontal arrow) on the ECG of the cat. Third day after Dial injection. Calibration : 
5 seconds and 100 microvolts. The left and right groups of records were obtained 
from a lateral and medial site of the contralateral sensori-motor cortex respectively. 
Note suppression in both areas. Disregard part of record marked x. 


There are still other observations which support our interpretation that 
suppression induced by afferent impulses involves reduction of the 
discharging neurons. It was noted by Murphy and Gellhorn (1945) 
that stimulation of the cortex of cat and monkey with very low intensities 
may elicit a certain movement (e.g. the flexion of the knee) only after 
the cessation of the stimulus, i.e. in the form of an after-discharge 
whereas with a slightly greater stimulation the flexion appears during 
the period of stimulation. Similarly, it was found in the present study 
that under the influence of a reflexly induced suppression the muscle 
activity may be absent during stimulation but may appear in the form 
of an afterdischarge. 

Thus the reduction of muscular response as the result of a diminution 
in the intensity of electrical cortical stimulation, and the diminution 
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of muscle action as a consequence of reflexly induced suppression lead 
to similar phenomena and suggest that the cortical mechanism involved 
in both cases is similar. 

In further experiments an attempt was made to correlate changes in 
the E.C.G. recorded from the sensori-motor and suppressor areas with 
muscle stretch. Suppression of cortical electrograms was not observed 
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Fig. 5 

Effect of slight pull on contralateral sciatic (horizontal arrow) on ECG (Monkey). 
Note that excitation of area 4 and 4s is followed by suppression in area 4 only. This 
is a continuous record. Calibration : 300 microvolts and 5 seconds. 


but in all seven cats which were studied in this series a marked increase 
in the dial potentials occurred, either following immediately or several 
minutes after the period of stretch. In several other experiments very 
mild stimuli were applied to the sciatic nerve (faradic stimuli, Harvard 
inductorium, 1.5 V, secondary coil at 13 cm and an angle of 45 0 , or slight 
mechanical stimulation of the nerve). In some of these experiments 
definite evidence of a cortical suppression was obtained. Since this 
effect on the corticogram appeared at slightly different times in different 
cortical areas it cannot be due to circulatory changes (Figure 4). A 
characteristic effect on the cortex of the monkey is shown in figure 5. 
Sciatic stimulation elicited at first an excitatory effect (potentials became 
smaller and more frequent) particularly in the motor cortex (area 4) 
and in the suppressor area. This was followed by a suppression in 
area 4 which lasts for more than one minute. During this time the 
potentials decreased in amplitude and frequency. Their appearance is 
similar to that described by Dusser de Barenne and McCulloch and 
more recently by Barker and Gellhorn after electrical stimulation of 
the suppressor areas. 
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Discussion 

The experiments reported in this paper show that afferent impulses 
set up in the muscles of the hind leg in which a state of contracture is 
induced either by tenotomy or be repeated indirect stimulation of the 
muscle (fatigue contracture) lead to a delayed and often repetitive 
suppression of the cortically induced activity of the foreleg muscles. 
That the cortex, and particularly the cortical suppressor areas are 
involved, is suggested by the following data : 

1) Latent period and repetitive character of the suppression observed 
in our experiments are similar to that seen by Dusser de Barenne and 
McCulloch (1941) and Garol (1942), and ourselves when the sup- 
pressor areas were stimulated directly, either by mechanical or electrical 
stimuli ( x ) or by eserine -f- acetylcholine (Beckett and Gellhorn). 
Indeed, in four experiments the suppression induced by muscle stretch 
could be duplicated by electrical stimulation of a cortical suppressor area. 

2) The detailed study of the EMG’s following cortical stimulation 
of the motor area under the influence of stimuli of varying intensities 
and duration (Bosma and Gellhorn) and the present study on the 
influence of afferent impulses originating in contractured muscles 
show striking similarities. The suppression resembles in every detail 
the change which may be caused by reduction in intensity or duration 
of cortical stimulation. 

3) Stretch of a contractured muscle causes regularly an excitation of 
the contralateral cortex including its suppressor areas (Gellhorn 1947). 
Moreover, in recent experiments (Gay and Gellhorn, 1948) evidence 
was presented that proprioceptive impulses resulting from stimulation 
of the peripheral end of S x induce an excitation of the sensori-motor 
cortex and the suppressor areas in the monkey. 

4) Mild stimulation of a peripheral nerve (sciatic) may induce tem- 
porary suppression of cortical potentials. 

5) Muscle stretch induced an accentuation of Dial potentials which 
appeared with higher amplitude and shorter intervals. Similar effects 
were produced by electrical stimulation of cortical suppressor areas 
when we did not succeed in inducing cortical suppression ( 2 ). 

( J ) Stimulation of the suppressor area in man causes a suppression of the effect of 
electrical stimulation of the motor cortex after a few seconds (Garol and Bucy (1944)- 

( 2 ) Fulton (personal communication) emphasizes the importance of proper frequency 
of stimulation of the suppressor areas in order to avoid excitatory effects and recommends 
pulses of 10 msec duration at 40 per second since in his experience higher rates and 
shorter pulses are more likely to produce facilitation than suppression. 
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The peculiar difficulty of producing cortical suppression through 
afferent stimuli is easily understandable in view of the fact that afferent 
stimuli although activating the suppressor areas (Gellhorn, 1947) 
induce an excitation of motor and sensory cortical projection areas. 
The observation that very mild excitation of the sciatic was the only 
form of afferent stimulaiton which induced suppression of the E.C.G. 
is probably related to the fact that the low threshold proprioceptive 
fibers cause a rather restricted cortical excitation ( 1 ) (sensori-motor and 
suppressor areas) in contrast to the widespread cortical excitation 
resulting from the nociceptive stimuli. Both types of impulses activate 
suppressor areas (Gellhorn, 1947) but the balance is commonly shifted 
toward the excitatory side and only by mild peripheral stimuli and 
proper central responsiveness (degree of anesthesia) can cortically 
induced suppression be accomplished. 


Summary 

Stretch of contractured muscles elicits delayed and often repetitive 
suppression of the responsiveness of the motor cortex as indicated by 
the amplitude of the E.M.G. resulting from stimulation of the motor 
cortex with a standardized electrical stimulus. As in the experiments 
on electrical stimulation of cortical suppressor areas the suppressor 
effect starts usually after a latent period of 4 to 10 minutes. It lasts 
for 3 to 6 minutes and frequently appears again for a similar period. 

During the course of the suppression the summation time is greatly 
lengthened and co-innervation (simultaneous contraction of agonist and 
antagonist) is replaced by contraction of the agonist alone. Moreover, 
the period of innervation may be preceded and followed by inhibition. 
These changes likewise resulting from the diminution of the intensity 
or of the duration of the cortical stimulation were interpreted as due 
to the activation of a lesser number of cortical neurons (Bosma and 
Gellhorn, 1946). It is therefore suggested that afferent impulses 
originating in contractured muscles under stretch activate cortical 
suppressor areas and thereby reduce the number of neurons of the 
motor area which respond to the standard stimulus. 

Stretch of contractured muscles did not induce suppression of the 
E.C.G. but intensified the dial potentials. This change suggests dimi- 
nished cortical excitability. Moreover, mild stimulation of afferent 
nerves results in typical suppression of the E.C.G. 


(*) Unpublished observations. 
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The experiments seem to indicate that afferent impulses may lead to 
activation of suppressor areas which results in temporary suppression 
of cortical potentials and a diminished responsiveness of the motor 
cortex. 
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THE MECHANISM OF ARTERIAL HYPERTENSION AFTER 
POTASSIUM INJECTIONS INTO THE NERVE CENTERS 


BY 


V. H. CICARDO 


(Received for publication 1 5-2-1949 J . 


Stern and Chvoles (1933) found that intraventricular injections of 
isotonic potassium chloride solutions produce an intense nervous excita- 
tion and increase of the arterial pressure. According to Stern (1942) 
the arterial hypertension after intracisternal injections of potassium 
phosphate would be due to the direct action of the ionic potassium 
upon the sympathetic nerve centers, while the phosphate, by reducing 
the concentration of ionized Ca, would cause a depression of the para- 
sympathetic centers. The excitation of the vasoconstrictor centers of 
the fourth ventricle by intracisternal injections of potassium has also 
been reported by Vleeschhouwer (1935), and by Hermann, Jourdan, 
Morin and Vial (1938). They also admit the excitation of the adre- 
nalin secretory centers of the bulb, since adrenal-yugular anastomosis 
resulted in adrenal hypertension in the receiver dog with spinal cord 
section after intracisternal injection of potassium chloride in the donor 
dog. 

Von Euler (1938) reported that the injection of KCl into the internal 
carotid artery or vertebral artery decreased the blood pressure and 
caused bradycardia and a transient inhibition of respiration, while the 
intracisternal injection produced a marked rise in blood pressure, which 
was neutralized by ergotoxine. These different effects on pressure 
would depend on wether the potassium is injected into the carotid 
artery or into the cistern. Hypertension and increase of respirator}' rate 
after intracisternal injections of potassium phosphate have also been 
reported by Smolik (1944), and by Sheppard, Smolik: and Gilson 
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(1945), who found that the injection of small doses of this salt produced 
an opposite effect, viz. decrease of pressure and bradycardia, which 
would be due to the excitation of the vagal centers. During the per- 
fusion of the cerebral ventricles with solutions in which potassium 
concentration was increased or calcium eliminated, Leusen (1948) 
observed hypertension and reflex hyperexcitability of the vasomotors. 

The purpose of this study was to test the validity of the above men- 
tioned conclusions, and in the course of the experiments it became 
evident that in addition to the mechanisms described, there was still 
another causative factor of hypertension induced by potassium injections 
into the nerve centers. 

In fact, in the dogs whose sympathetic had been blocked by large 
doses of ergotamine, as well as in bivagotomized, biadrenalectomized, 
and in those with spinal cord section, the hypertension, thoiigh of 
less intensity, appeared after the intracisternal injection of potassium 
chloride. 


Methods 

The experiments were carried out under nembutal (sodium ethyl 
barbiturate) anesthesia in about 80 dogs. The arterial pressure was 
recorded at the level of the femoral artery, and respiration from a 
pneumograph and Marey’s tambour. From 0.1 to 0.5 c.c. of a 3 p. cent 
potassium chloride solution were injected into the diencephalic centers 
and intracisternally. 

The diencephalic injections were carried out into the lateral ventricles 
or into the mass of the thalamus or hypothalamus, for which purpose 
trephine openings, sufficiently wide to allow the introduction of the 
needle, had been made in the parietal. The control of the injections 
was done by introducing through the same needle a solution of methylen 
blue, which procedure permitted to establish the exact site of the potas- 
sium injection. 

Most of the experiments were carried out with intracisternal injections 
after suboccipital puncture in animals under different experimental 
conditions, viz. 1) animals in which the sympathetic nerve centers 
had been blocked by the intravenous injection of 1 mg of ergotamine; 
2) dogs in which the spinal cord had been destroyed between the D6 
and C6 by introducing a needle, the phrenic nerve centers having been 
spared in order to maintain natural respiration; 3) animals in which 
both adrenal glands had been acutely removed by the abdominal way; 
4) animals in which both vagi had been transected at the level of the 
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neck; 5) dogs in which acute hypophysectomy had been performed 
by the lateral way, and 6) animals in which these different operations 
had been combined in order to detect the factors that are intervening 
in the production of the hypertension after intracisternal injections of 
the ionic potassium. 

Results 

a) Intradiencephalic injections. 

The injections of', 0.5 c.c. of potassium chloride solution into the 
lateral ventricles produce a marked increase of arterial pressure and 
tachycardia; simultaneously there is also an increase of respiratory 
amplitude and frequency (Fig. i, 2). It must be pointed out that these 
large increases could never be obtained by the electrical stimulation of 
the same areas as had been injected with potassium; this means that 
this ionic element constitutes a far more efficient blood pressure and 
respiratory stimulant than the electrical currents. 
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Fig. 1 

Respiratory and arterial pressure changes after potassium injections into the !.. feral 
ventricles of the brain. 
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Potassium injections outside the described diencephalic centers did 
not produce any effect, and even some areas of the thalamus remained 
responseless. It may be assumed that the diffusion of the injected 
potassium produces the excitation of centers distant from the injected 
area. 
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Fig. 2 

Respiratory and arterial pressure changes after potassium injections into the hypo- 
thalamus. 


b ) Intracisternal injections of potassium. 

Intracisternal injections of 3 p. cent potassium chloride solutions 
produce arterial hypertension in doses of 0.1 c.c. to 0.3 c.c., which 
means that smaller quantities than those needed to elicit similar effects 
in the diencephalon are required (Fig. 3). This hypertension lasted 
about 10 minutes, after which the initial or a somewhat higher pressure 
value was again reached. When the injections are repeated, the centers 
“ become accustomed ” and larger doses are needed to obtain the pres- 
sure effect. The repetition of the potassium doses stops breathing, 
and death from asphyxia occurs, which can be prevented by artificial 
respiration. With repeated injections of the potassium solution, even 
in doses as large as 1 c.c., no pressure response at all occurs; on the 
contrary, the arterial pressure is gradually decreasing, which can be 
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attributed to potassium induced intoxication of the arterial pressure 
regulating centers. As is shown in the tracings, there occurs a marked 
stimulation of the respiratory activity, with increase in rate and ampli- 
tude. Larger doses of potassium cause the cessation of breathing and 
death from asphyxia. 



Fig. 3 

Respiratory and arterial pressure changes after intracistemal injections of potassium. 


Investigations were carried out to detect the factors intervening in 
the mechanism of this hypertension. Starting from the hypothetical 
standpoint that it might well be produced by the excitation of the vaso- 
constrictor and adrenal centers of the bulb, and by the liberation of the 
vasopressor hormone of the hypophysis, the intracistemal injections of 
potassium were administered under different experimental conditions. 

The blocking of the sympathetic by 1 mg of ergotamine, though 
diminishing it, did not prevent hypertension induced by intracistemal 
potassium injections (Fig. 4). 

Considering the possibilitv that the blocking of the sympathetic had 
not been complete, the sympathetic centers of the spinal cord were 
eliminated by cord destruction between the 6th D and the 6th C, and 
by bilateral vagotomy at the level of the neck; it was found that in spite 
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Fig. 4 

After intravenous injection of i mg of ergotamine in the dog, the animal responds 
with less intensity to the injection of 3 p. cent KC1. 


of the surgical blocking of the sympathetic paths, hypertension occurred 
in the same manner as in the ergotaminized animals (Fig. 5). 

The intra cisternal injection of potassium causes excitation of the 
adrenals over the splanchnic nerves, and liberation of adrenaline, which 
makes it understandable why adrenalectomy results in a marked decrease 
of the pressure effect. 



* 

* * 




Fig. s 

Spinal cord destruction between the 6 th C and 6 th D, and vagotomy do not prevent 
the hypertension following intracisternal injection of potassium. 
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When the above sympathetic-adrenal mechanism is eliminated by 
spinal cord destruction, vagotomy, and removal of the adrenals, the 
increase of the blood pressure after intracisternal injection of potassium 
still persists, though less markedly than in the intact animals (Fig. 6). 



Fig. 6 

Adrenalectomy in dogs with spinal cord section and vagotomy does not prevent 
hypertension. 

The hypertension does not appear when the animals under these 
experimental conditions are hypophysectomized (Fig. 7). 

Spinal cord destruction and vagotomy in dogs, when performed 
after acute hypophysectomy and adrenalectomy, prevent blood pressure 
from increasing. The hypertension is also prevented by sympathetic- 
adrenal blockage after large doses of ergotamine in hypophysectomized 
animals (Fig. 8). 

Intracisternal injections of potassium in hypophysectomized animals 
produce a noticeable hypertension (Fig. 9). 
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Hypophysectomy after elimination of the sympathetic-adrenal mechanism prevents 

hypertension. 
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Fig. 8 

Hypophysectomy in dogs with ergotamine blocked sympathetic centers prevents 
hypertension. 
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Fig. 9 

Hypophysectomy by itself does not prevent hypertension. 
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The sympathetic nerve endings by themselves are capable to increase 
blood pressure, as was observed in acutely adrenalectomized and hypo- 
physectomized dogs (Fig. 10). 



Fig. 10 

Hypophysectomy and adrenalectomy decrease the intensity of hypertension. 


Discussion 

In addition to the excitation of the vasoconstrictor and adrenal 
centers, reported by Hermann and coll. (1938) as the causative factor 
of the mechanism of hypertension subsequent to intracisternal injections 
of potassium salts, the hypophysis plays also an important role. 

We have found that in adrenalectomized dogs in which the sympa- 
thetic paths had been destroyed, and also in those with sympathetic- 
adrenal blockage by ergotamine, the response to intracisternal injections 
of potassium chloride was an increase of blood pressure, though less 
marked than in intact animals. These increases in pressure do not 
occur when the animals are hypophysectomized after the elimination 
of the sympathetic-adrenal centers. 

Clark & Wang (1939), and Sattler (1940) reported that the electrical 
stimulation of the supraoptical region of the hypothalamus produces a 
pressure effect due to the humoral activation of the ncuroh}poph\sis 
via the supraoptical-hypophyseal tract. It has also been suggested 
that the diffusion of the ionic potassium from the cistern activates the 
supraoptical nuclei and the neurohypophysis, for which reason h} po 
physectomy would supress the pressure effect in animals ■with s%mp*. 
thctic-adrenal blockage. 
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Summary 

1) The sympathetic nervous system, the adrenals, and the hypophysis 
must be considered as causative factors of the hypertension which 
follows intracisternal or diencephalic injections of potassium chloride 
in dogs. 

2) The destruction of the spinal cord and of the vagi in acutely 
adrenalectomized and hypophysectomized dogs prevents the increase in 
arterial pressure. 

3) Hypertension is also prevented by blockage of the sympathetic- 
adrenal centers with ergotamine in hypophysectomized animals. 

4) The persistency of one of the three factors, viz. sympathetic 
centers, adrenals or hypophysis, permits the obtention of the increase 
in pressure, though with less intensity than in intact animals. 

5) As repeated intracisternal injections of potassium diminish gra- 
dually the sensibility of the centers, increasing doses are required to 
provoke hypertension, which in turn is followed by an arterial pressure 
fall. 

6) Large doses of potassium stop breathing, which makes artificial 
respiration necessary in order to prevent death. 

7) Potassium is a much more efficient stimulant to elicit diencephalic 
hypertension than are the electrical currents. 


References 

1. — Clark, G., Wang* S. C. Am. J. Physiol., 1939, 127, 597. 

2. — Euler, U. S. von. Skand. Arch. Physiol., 1938, 80, 94. 

3. — Hermann, H., Jourdan, F., Morin, G., Vial, J. C. R. Soc. 

de Biol. Paris, 1938, I2g, 593. 

4. — Leusen, I. Arch, intern. Pharmacodynamie, 1948, 77, 48 

5. — Sattler, D. G. Proc. Soc. Exp. Biol., (New York), 1940, 44, 82. 

6 . — Sheppard, M. W., Smolik, E. A., Gilson, A. S. Am. J. Phy- 

siol., 1945, 145, 223. 

7. — Smolik, E. A. Surgery, 1944, 15, 460. 

8. — Stern, L., Chvoles, G. J. C. R. Soc. de Biol. Paris, 1933, 

112, 568. 

9. — Stern, L. Lancet, 1942, 2, 572. 

10. — Vleeschhouwer, G. Arch, intern. Pharmacodynamie, i 935 > 
50, 251. 



Arch. int. pharmacodyn., 1949, LXXX, No 2-3. 


209 


ISTITUTO D 1 FARMACOLOGIA DELL’UNIVERSITA. DI PALERMO 


CORRELAZIONI FRA INTERRENALE E CROMAFFINE 
Nota I. Azione associata contemporanea delFadrenalina 
c dell'endocorticalina sul cuore isolato di rana (*) 

( With Summary ) 

DI 

A. RABBENO 


(Manoscritto ricevuto il 2-3-1949 , 1 . 


Premessa 


Nei cani surrenoprivi, mentre si dimostrano chimicamente nel sangue 
corpi adrenalinosimili, in quantita pressoche uguale a quella dei cani 
normali (Viale, 1931), le risposte funzionali all’adrenalina (adr.) man- 
cano o sono invertite e Viale ne aveva tratta l’ipotesi che la corticale 
fra le sue funzioni avesse quella di attivare l’adr. 

Riprendendo, nel 1946, il mio lavoro di laboratorio, pensai di sotto- 
porre questa ipotesi all’indagine sperimentale. La ricerca bibliografica 
condotta in parallelo con gli esperimenti, si estese assai piu del previs- 
to, e mi condusse a raccogliere gran numero di fatti, di osservazioni, 
di concezioni di ordine anatomico, biochimico, fisiopatologico, farmaco- 
logico e clinico che parlano di stretti rapporti, di intime correlazioni 
fra tessuto cromaffine e tessuto interrenale, fra adr. e increti cortico- 
surrenali. Il gruppo degli « attivatori » dell’adrenalina, comprende un 
grande numero di sostanze, maggiore di quanto forse comunemente si 
pensi. Il vasto materiale bibliografico sui rapporti fra corticale e midol- 
lare sara riunito in una dettagliata rassegna (29) corredata di ampia 
bibliografia ed in un articolo riassuntivo (30) ai quali rimando, limitan- 
domi qui a ricordare i pochi lavori che in qualche modo si riannodano 
all azione associata dell’adrenalina con la cortina e i corticormoni, 
riguardo all’apparato circolatorio. 

L ipotesi che lipidi corticali attivino l’azione dell’adr. secreta dal 
cromaffine, che esaltino l’effetto del neurormone [simpatina secondo 

() Queste ricerche sono state eseguite nell’istituto di Farmacologin dell L'nh er. ita 
d> Torino, diretto dal Prof. Chio, al quale rinnovo il mio vivo grazie per 1’amichevo.e 
ospitalita. 
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Cannon; noradrenalina secondo le piu recenti ricerche di Euler (4)] 
che si libera nei visceri per stimolazione delle fibre postganglionari 
adrenergiche, ha suscitato molte ricerche per spiegare la patogenesi 
dell’ipertensione essenziale, in cui di regola I’adrenalinemia non e 
aumentata. 

Rinforzo dell’effetto adrenalinico su arterie isolate, e stato osservato 
per effetto del colesterolo da Westphal e Hermann (1935) da Dresel 
e Sternheimer (1928), per azione di estratti lipoidei da Konshegg 
(1932). Con miscele di adrenalina e lipoidi, Konshegg e Monauni (1937), 
ottennero in vitro associazioni piu attive sulle arterie, sul cuore isolato 
della sola adr. contenutavi e dimostrarono la presenza in vivo di questi 
complessi estraibili a caldo con alcool dal sangue e dagli organi, dai 
quali complessi l’adr. e liberabile con acidi. 

II meccanismo di blocco e di rimescolamento degli apparati muscolari 
delle vene surrenali, faciliterebbe nel sangue surrenale la formazione 
in vivo di questi complessi. Westphal e Sievert (1938) in base a 
ricerche istologiche e biochimiche in surreni ipertrofici di conigli, 
ammisero pure l’esistenza di complessi adrenalino-lipoidei che pero 
supposero consistere non in composti chimici veri e propri come aveva 
pensato Konshegg, ma in prodotti di adsorbimento, di adrenalina 
« Iegata » ai lipoidi in forma labile. L’unione nei surreni deH’adrenalina 
con lipidi (lecitine, steroidi corticali), con 1’acido ascorbico potrebbe 
awenire in quegli spazi canalicolari ghiandoliformi, sulla cui esistenza 
nella corticale e nella midollare, non e stato ancora raggiunto pieno 
accordo dagli istologi. Le piu antiche descrizioni eseguite da Manasse 
(1894) da altri osservatori, di Iumi, di spazi nei cordoni cellulari 
dell’interrenale e del cromaffine, erano state ritenute imagini illusorie da 
fissazioni non idonee e da fatti patologici. Le indagini di Kolmer (1912; 
1918) le piu recenti di Lucadou (1938) e di Westphal e Sievert (1938) 
parlano per la presenza, soprattutto evidente nei surreni ipertrofici, 
di cavita ripiene di ammassi lipidici, colorabili col Sudan e procedenti 
dalla zona glomerulare attraverso la fascicolata e la reticolare, nella 
midollare. I rapporti di questi lumi ghiandoliformi coi vasi sanguigni 
non sono stati pero chiariti. 

Asher e Rauscher (1932) hanno osservato che un estratto corticale 
tipo cortina, potenzia l’effetto dell’adr. sul lavoro del cuore registrato 
col metodo ottico di O. Frank. Sanders (1938) constato che gli estratti 
di surreni dimostrano sugli organi isolati un’azione 2-3 volte piii elevata 
di quella corrispondente ai loro contenuto in adr.; attivazione che 
l’autore riferisce a maggiore stabilita dell’adr. per ritardata sua ossida- 
zione da parte di sostanze presenti negli estratti corticali. Shurger (1947) 
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invece non avrebbe confermato questi risultati col Percorten idrosolubile 
(glucoside del desossicorticosterone). In giovani- sani dopo prolungato 
trattamento con acetato di desossicorticosterone, Raab (1943) osservo 
una intensificazione dell’effetto pressorio dell’adrenalina. 

Lo studio sulle correlazioni funzionali fra ormoni del tessuto inter- 
renale e del cromaffine e stato iniziato con le present! ricerche sulPazione 
singola ed associata dell’adrenalina e degli ormoni corticali sull’attivita 
del cuore isolato di rana. 


II. — Tecnica 

Per la perfusione del cuore isolato di rana esculenta, si e usato il semplice dispositivo 
illustrate nella fig. i a pag. 213. II cuore e perfuso per la v. cava ascendente seguendo la 
tecnica descritta in precedenti ricerche (28), con cannula (E) a livello constante, tipo 
Meneghetti, di piccole dimensioni, con tubi immittente (f) e sfioratore (g) disposti in 
modo che sugli atri graviti una pressione di 15-20 mm di acqua. II liquido fuoriesce dalle 
aorte tagliate,per cui bagna la superficie interna ed esterna del miocardio. Sistema perfusorc 
costituito da tre (0 piii) bocce Mariotte, l’una granda (A) per il Ringer normale ( l ) le 
altre piccole, di 50-100 cc (B, C) per le soluzioni saline contenenti i farmaci da saggiare, 
collegate con tubi a livello per i rifornimenti e I’areazione dei liquidi e riunite alia cannu- 
la (E) con un rubinetto (D) in vetro a quattro o piii vie tipo Chio. Leva leggerissima 
interesistente (carico 0,4 g) con amplificazione di 15 volte. Si lasciavano trascorrere 
20-30 minuti fra l’inizio della perfusione ed il primo saggio coi farmaci in studio, in modo 
che l’attivita cardiaca si regolarizzasse. L’areazione dei liquidi era interrotta durante 
la perfusione con adrenalina e con ormoni corticali. 

Adrenalina. 

Ho usata /-adrenalina sintetica purissima ( Sindrenina Recordati) in sostanza, conservata 
in fiale (in C 0 2 o nel vuoto) di cui preparavo ogni 3-4 giomi soluzione cloridrica al 
millesimo (pH ca. 4) e fiale di /-adrenalina cloridrica dell’I.S.M. ( 2 ). 

Particolare attenzione (28) e stata dedicata ad eseguire le diluzioni dell adrenalina 
all istante dell’uso nel piii breve tempo possibile, partendo da una soluzione madrc di 
adr. 1 ; 10.000 in acqua distillata (pH 5), che si conserva all’aria incolore anche per giorni 
c diluendola al momento dell’impiego, col Ringer, di cui si aumentava lievemcnte 1 alca- 
linita in modo da mantenere il pH delle diluzioni di adr. a 7,2 (corr.). 

Ormoni corticali. 

Quali steroli sono liposolubili e quando iniziai queste ricerche non 
avevo ancora potuto procurarmi un preparato solubile in acqua quale 
il glucoside del desossicorticosterone ( Percorten idrosolubile Ciba) 
ottenuto da Miescher e coll. (21, 22), utilizzabile per iniezioni endo- 
venose e adatto ad esperimenti di perfusione su organi isolati. Me nc 

( ) La composizionc della soluzione salina usata era la scguente : NaCl 6.0; KC! o.-S, 
CaCl; (anidro) 0,16; NaHCOj o, 1-0,2 g per litro di acqua distillata. pH — 7. 2 K Ca ~ 
L27. Si usarono sali puri, titolando la soluzione madre del CaCl ; . 

( ) Rinnovo i miei sentiti ringraziamenti al Dott. G. Recordati del Laboratorio farm~- 
cologico Rcggiano ed al Dott.L.Callegari dell’Istituto Sieroterapico Milanese, che vollero 
lr >\ larmi ripetuti quantitativi dei prodotti usati per queste ricerche. 
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valsi nelle indagini che esporro nelle note seguenti. D’altra parte e noto 
che nell’estratto purificato di corteccia surrenale, si e determinata la 
relativa attivita di almeno sei composti cristallini e di una frazione amorfa 
(Kuizenga e coll., 1940 ed altri). Cos! pure 1 ’efficacia biologica della 
cortina non sembra completamente spiegabile sulla base delie entita 
chimiche conosciute; mentre e ancora in discussione il problema se a] 
desossicorticosterone si possano attribuire, direttamente o indirettamente, 
tutti gli effetti funzionali della corteccia surrenale, come ha sostenuto 
Verzar (1939) oppure solo alcuni come ammettono soprattutto i 
ricercatori americani. Kendall (1941) ha ribadito il concetto che la 
corteccia surrenale non elabora un’unica sostanza che si possa considerare 
come l’ormone vitale della ghiandola. L’estratto totale della corticale 
contiene, oltre ad una frazione amorfa, un sorprendente grande numero 
di steroidi cristallini, strettamente vicini dal Iato chimico, di cui alcuni 
possiedono effetti specifici, qualitativamente different l’uno dall’altro, 
altri sono inattivi. 

Era percio logico iniziare gli esperimenti sull’azione associata adrenalina-corticormoni, 
con un estratto totale, purificato di corteccia surrenale, tipo cortina di Swingle e Pfiffner. 
Prescelsi Y Endocorticalina dell’Istituto Sieroterapico Milanese, che per la cortesia del 
Dr. Callegari, potei avere in forma di particolare purezza, priva di adrenalina, di 
colina e di acido ascorbico. L’Endocorticalina (E) e preparata secondo i metodi di Hartmann 
e di Swingle e Pfiffner, modificati (B. Neppi, 1933); 1 cc contiene gli ormoni di 25 g 
di corticale, senza aggiunta di conservatori o di antisettici. 

L’ endocorticalina riduce il reattivo di Folin, i sali ferrici, il nitrato d’argento ammonia- 
cale, da la reazione del blu di Prussia, mentre invece la prova del Comesatti al sublimato, 
risulta negativa. Le reazioni ossido-riduttive che svelano 1 ’adrenalina, non sono utilizzabili 
per la sua ricerca n ell’ estratto corticale (B. Neppi) per la presenza nella cortina di sostanze 
riducenti, diverse dall’adr. (Swingle e Pfiffner, 1931 ; Wintersteiner e Pfiffner, 193s). 
Dal concentrato purificato di corticale Reichstein (1936) ottenne col reattivo di Girard 
una frazione chetonica fortemente riducente, e di poi (1937) riferi che il corticosterone ed 
i suoi esteri riducono la soluzione alcalina di argento e Miescher e coll. (1939) osser- 
varono che i 4,5 insaturi, 3-chetosteroidi danno in generale positiva la reazione dello 
specchio d’argento. Saggi biologici (occhio isolato, mesentere di rana, preparato vasale 
alia Trendelenburg) mi confermarono 1’assenza nell’Endocorticalina di adr. in quantita 
dimostrabili, assenza suffragata dalla negativita della prova del Comesatti, del Viale 
e dal fatto che la endocorticalina diluita 1:10-1:100 in Ringer a ph 7,2, lasciata all’aria 
non diviene rosa anche dopo molto tempo. 


III. — Azione SINGOLA DELL’ ADRENALINA E dell’endocorticalina SUL 

CUORE ISOLATO DI RANA 


Adrenalina. 

Ho esposto altrove (27) in una dettagliata rassegna critica la vastissima 
bibliografia sull’azione dell’adr. sul cuore dei bassi vertebrati ed in 
altro lavoro (28) i risultati da me osservati con l’adrenalina sul cuore di 
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rana, esperimenti che avevano fra altro lo scopo di stabilire una base 
per queste ricerche sull’azione associata adrenalina-corticormoni. Mi 
limito percio a rammentarne le conclusioni che hanno interesse per 
le presenti indagini. 

Nei cuori isolati di rana, la risposta all’adr. (fra icr 5 e io' 9 ) nella grande 
maggioranza (70 %) dei casi consiste in effetti inotropi positivi piu o 
meno intensi secondo la concentrazione, senza variazioni cronotrope. 



Fig. i 

Dispositivo per la circolazione del cuore di rana (v. il testo) 


L altezza delle contrazioni, raggiunto un massimo, a tale livello permane 
c prolungandosi l’azione dell’adr. oltre 3-4 minuti, soprattutto con le 
concentrazioni piu elevate, lentamente discende. Questa fase secondaria 
depressiva, probabilmente di origine tossica, non va confusa con 1 cffctto 
inotropo riegativo, che si osserva in circa il 30 % dei saggi e che consiste 
sia in una rapida riduzione dell’altezza delle contrazioni al primo agire 
dell adr. seguita da aumento dell’inotropismo (effetto inotropo negation 
ituziale) sia da riduzione dell’altezza delle contrazioni per tutta la 
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perfusione col farmaco (effetto inotropo negativo durevole). Dopo 
l’effetto negativo, si osserva di solito effetto di lavacro. Si hanno grandi 
variazioni individuali nelle risposte dei cuori di rana in toto all’adr.; 
per cui non si riesce, in un numero limitato di esperimenti a determinare 
la concentrazione soglia. Non e apparsa relazione evidente fra il mani- 
festarsi dell’azione inotropa positiva o negativa del cuore di rana e la 
concentrazione dell’adr. nel liquido perfusore. 

Per lo studio dell’azione associata era importante e pregiudiziale 
stabilire che ripetendo le prove sullo stesso cuore la grandezza della 
risposta inotropa positiva del miocardio all’adrenalina non variava. 
E’ risultato che i cuori di rana, che reagivano positivamente all’adr. anche 
dopo 10-15-20 saggi successivi rispondeva.no alia medesima concentrazione 
di adr. con un constante aumento nelV altezza delle contrazioni. Un aumento 
nell’azione dell’adr. associata ad altri farmaci, avrebbe percio rappresen- 
tato un’attivazione dell’effetto adrenalinico, e non una variazione nella 
reattivita autoctona dell’effettore miocardico alia sola adrenalina. 

Endocorticalina (E). 

Poco pronunciata e l’azione degli ormoni corticali sul cuore isolato. 
Con estratti greggi alcoolici ed acquosi, di corteccia surrenale Vasarhelyi 
(1926) osservo aumento del lavoro del cuore isolato di coniglio, 10-20 volte 
superiore a quello che risultava dall’adr. presente e Stern, Rapoport 
e Scharikowa (1928) sul cuore di rana, effetti crono e inotropi positivi, 
corrispondenti a quelli prodotti da adrenalina 5 x io' 7 , certamente 
presente nei loro estratti preparati secondo Battelli e Stern. Poiche, 
come vedremo, la cortina attiva anche notevolmente l’effetto inotropo 
dell’adr., queste ricerche con estratti corticali impuri, non permettono 
di sceverare se l’effetto cardiaco osservato dipendesse dagli ormoni 
corticali o da attivazione delle piccole quantita, di per se inattive, di 
adr. presente negli estratti. Con emulsioni in Ringer dell’ormone B 
isolato da Schmitz e Kuhnau, nel cuore soprawivente di rane normali 
e surrenectomizzate, Stippich (1935) noto con concentrazioni ottimali 
(0,1 mg %) inotropismo positivo, senza variazioni cronotrope. con con- 
centrazioni superiori azione inotropa negativa iniziale oppure durevole. 

Piu significative le ricerche di Asher e Rauscher (1932) i quali con 
la cortina di Swingle e Pfiffner registrarono, col metodo ottico di 
Frank, un significativo aumento nel lavoro eseguito dal cuore di rana. 
Meier, Gysel e Muller (1944) col glucoside del desossicorticosterone 
a 10 4 non rilevarono effetti evidenti sul cuore e sull’intestino isolato di 
rana e Gross (1946) pure col Percorten idrosolubile, nel cuore di rana, 
osservo solo un piccolo effetto inotropo negativo. Thaddea (1936) scrisse 
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che nel preparato cuore-polmoni di mammiferi non si vede alcun 
effetto della cortina sul lavoro del miocardio o sulla circolazione delle 
coronarie. 

Nelle richerche da me eseguite l’Endocorticalina (E) e stata diluita con Ringer a pH 
7,2 partendo da una soluzione base i : ioo in acqua dist. rinnovata ogni 1-2 ore. Per ot- 
tenere risultati costanti e essenziale, come con l’adrenalina, eseguire le diluzioni all’istante 
dell’uso. Lavacri intercalari di 15-20 min. Areazione interrotta durante la perfusione con 
E., la quale durava 2-3 minuti. 



Fig. 2 

Azione dell' endocorticalina sul cuore di rana 

Ey da soluzione base appena fatta; E z da soluzione base di 48 ore. 

Tracciato A : E x 1: 1000; Tracciato B:E«i: 1000; Tracciato C:E l 1 : 6000; TraceiatoD: 
E. 1 : 100.000. 


II cuore di rana risponde sempre all’ Endocorticalina con effetii inotropi 
positivi , senza variazioni delVinotropismo. Per osservare effetti motori 
cospicui ( x ) occorrono concentrazioni relativamente elevate, (1 . 1000 

(*) Per giudicare le variazioni di grandezza dell’inotropismo, si misurava sui trace 
1 altczza, in mm, delle contrazioni prima e l’altezza massima rapidamente r..cc u 
durante il passaggio del farmaco, (eventualmente 1'altczza minima in casi 11 
durcvole, come a volte si osservano con l'adrcnalina e piu di rado con 1 cndoco ' 

c si calcolava il rapporto ponendo uguale all’umta l’altezza primnn*. (^a ore : ‘ 

^ellc misurazioni si prescinded, quando possibile, dall efTetto di inerm c.o . ^ ^ 
caduta della leva che e particolarmente pronunciato nella rapida espan .one ^ 

tipica dell’effctto dell’adr. sul cuore. Non si e tenuto conto di nriajoni ^ ^ 

— °> 2 mm ( - 0.02 unita). Per giudicare la grandezza delle variazioni de^ ino-r ^ 
scgui il criterio di considerare piccolo o minima un aumento unitario ue. 
contrazioni di 1. 1-1.2 volte, medio di 1.2-1.5 volte e cospiaio di 1.5-= ' o tc - c p,J ‘ 
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i : 2000), per effetti inotropi medi bastano soluzioni 1 : 5000. Concen- 
trazione minima efficace 1 : 10.000-1 : 20.000. Notevoli variazioni di 
reattivita da cuore a cuore. 

La Fig. 2 A dimostra la cospicua risposta motoria di un cuore bene 
reattivo ad endocorticalina 1 : 1000. L’altezza delle contrazioni da 
25 mm sale a 43 mm con un aumento di 1 : 1.72. La frequenza rimane 
immutata a 25 in 30". 

Con 1 : 6000 di Endocorticalina (Fig. 2 C) l’effetto inotropo positivo 
e medio, con un aumento da 24 a 30 mm (1 : 1.25). Raggiunto il Mx 
l’altezza delle contrazioni rimane a tale livello per tutta la durata di 
azione dell’estratto. Con 1 : 100.000 (Fig. 2 D) 1 ’azione e nulla. In 
questi esp.ti non si sono osservati effetti inotropi negativi evidenti, 
ne iniziali ne durevoli. Ma dalle misure eseguite sui cardiogrammi 
registrati per lo studio dell’azione associata dell’Endocorticalina con 
l’adrenalina in 14 su 74 prove (19,9 %) con E da sola apparve una 
minima riduzione dell’altezza delle contrazioni (di 1-2 mm) non 
rilevabile chiaramente alia semplice ispezione dei tracciati; per cui un 
effetto inotropo negativo, sia pur minimo, puo verificarsi, in ispecie con 
le maggiori diluzioni di E. 

Alio scopo di vedere se in saggi successivi la reattivita del cuore all’E. 
variasse ; in una ventina di esp.ti si sono ripetuti sullo stesso cuore da 
treasei saggi, intercalati dabrevi lavacri di 5-10 min. con concentrazione 
uguale in ciascuna serie e crescente da io' 4 sino a 10- 3 dall’uno all’altro 
esperimento. Nelle prime prove qualche oscillazione nelle risposte 
aveva fatto pensare ad un fenomeno di tachifilassi. Ma moltiplicando 
sistematicamente gli esperimenti, apparve chiaro che, salvo qualche 
lieve variazione, V incremento nelV altezza delle contrazioni rimane pra- 
ticamente costante dal primo alVultimo saggio, come dimostrano i dati 
dei sei esp. ti riportati nella Tab. I (ultima col.). Nella Fig. 3 sono 
riprodotti il I, III e IV saggio dell’espto N. 10 con E 1 : 5000. In altre 
parole con saggi ripetuti non si ha ne tachifilassi , ne attivazione autoctona 
del miocardio all' endocorticalina. 

Per osservare questa costanza nell’effetto di E & pero indispensable 
che la diluzione col Ringer lievemente alcalino (pH 7,2) sia eseguita 
immediatamente prima di eseguire il saggio. 

Nei primi esperimenti si era notato che con soluzioni dilute, a volte, 
coeteris paribus, ad effetti inotropi positivi ben evidenti, se ne mter- 
calavano altri minimi o nulli, che sembravano inspiegabili. La spiega- 
zione pero apparve semplice quando ci si accorse che la soluzione base 
di Endocorticalina 1 : 100, lasciata all’aria alia temperatura ambiente, 
lentamente perde la sua attivita sul cuore. Ad esempio se l’Endocor- 
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Tabella I 

Saggi successivi con Endocorticalina su cuore di rana 


N. esp. 
Data 

1946 

Cone. 

N. saggio 

Altezza Contrazioni 

Variaz. unit. 

Prima mm 

Dopo mm 

9 

1 X 10- 4 

I 

10.5 

13 

1.24 

21. VI 


II 

10 

n -5 

1. 13 



III 

10.5 

16 

1.52 



IV 

IO 

13 

1.30 



V 

II 

14 

1.27 



VI 

II 

’5 

1.36 





Media 

1.30 






( ± 0.09) 

IO 

5 X IO' 3 

I 

21.5 

29 

1-35 

18.VI 


II 

21 

27 

1.48 



III 

20.5 

28 

1.48 



IV 

20 

24 

1.20 



V 

20.5 

29 

i-5* 



VI 

21 

30 

1-43 





Media 

1.40 






( ± 0.09) 

12 

5 X IO' 3 

I 

25 

32 

1.28 



II 

27 

39 

1.44 

1 9. VI 


II. 

26 

36 

1.38 





Media 

1.36 

15 

2 X IO' 3 

I 

16.5 

32 

2 

1 8. VI 


II 

20 

32 

1.6 



111 

20.5 

35 

i-7 





Media 

1.76 

17 

2 X 10- 3 

I 

15 

28 

1.87 

2 1. VI 


II 

15 

2S 

1.S7 



III 

17 

3 i 

I.S 2 





Media 

I.S 5 

19 

! 1 x io- 3 

I 

15 

25 

1.67 

1 6. VI 

i 

II 

14 


J -57 


1 

III 

12 

22 

1 


Media 
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Tabella II 

Effetto cardtaco dell’ endocorticalina in rapporto al tempo di preparazione della soluzione 

base al I % 


N. esp. 

Cone. 

Eta sol. 
base 

Variazione altezza 

contrazioni 

! 

Effetto 

inotropo 

mm 

unit. 

2 


1 h 30' 

+ 13 

1.58 

forte 



48 h 

± 0 

— 

nullo 

3 

1 x 10- 3 

10' 

4 - 18 

1 1.72 

mmm 



48 h 

+ 4 

! 1. 17 


6 

1 x 10- 3 

IH 

-r 14-5 

2.26 

| fortissimo 




+ 2 

1. 12 

piccolo 




± 0 

— 

nullo 




± 0 

— 

nullo 




± 0 

— 

nullo 

7 

1 X 10- 3 

2 h 30' 

+ 10 

1.8 

forte 



24 h 

± 0 

— 

nullo 

9 

5 X TO- 3 

40' 

+ 5 

1.26 

medio 



6 h 30' 

± 0 

— 

nullo 

3 

X 

0 

1 h 30' 

+ 6 

1.26 

medio 



24 h 

+ 1 


minimo 


ticalina si saggia alia concentrazione i : 1000, preparandola da una 
soluzione base i : ioo appena fatta, si osserva il fortissimo effetto ino- 
tropo positivo riprodotto nella Fig. 2 A; se la stessa diluzione e fatta 
da una soluzione base di 48 ore (Fig. 2 B) l’effetto e assai piccolo. 

Da questo esempio e dai dati della Tab. II risulta che l’estratto di 
corticale, diluito in Ringer a pH 7,2, tenuto all’aria a temp, ambiente 
mentre conserva praticamente inalterata la sua attivita per 3-4 ore, 
presenta dopo 6-8 ore una riduzione anche notevole del suo effetto 
motore sul cuore, che si annulla dopo 24-48 ore. La degradazione e 
piu rapida nelle maggiori diluzioni ed in Ringer lievemente alcalino. 
E percio nell’associare l’endocorticalina all’adrenalina, si usarono sempre 
diluizioni fatte alPistante e si rinnovo la soluzione base ogni 1-2 ore. 

I principi attivi della cortina sono termolabili (Swingle e Pfiffner 
1931); essi sono rapidamente inattivati a 8o° in soluzione alcalina 
(Hartmann). Col metodo di Swingle e Pfiffner, le varie estrazioni sono 
fatte a bassa temperatura. La cortina, senza aggiunta di preservative 
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si conserva per settimane all’aria solo a 6° C. Con la saponificazione 
alcalina delle acque madri degli estratti C 16 e C 17 Reichstein (1936) 
ottenne una maggior resa di sostanza A cristallizzabile. Si puo percio 
presumere che l’inattivazione dell’effetto cardiaco, osservato nel tempo 
con le soluzioni diluite di endocorticalina, possa dipendere da una lenta 
idrolisi degli steroidi corticali che in parte almeno vi sarebbero 



Fig. 3 

Esp. N. 10 18-VI-1946. t. 15". Costanza dell’cffetto inotropo in saggi ripctuti con 
endocorticalina i : 5000 sul medesimo cuore. 

Sono riprodotti il i°, 3 0 e 6° saggio. Lavacri (R) intcrcalari di 5'. 


contenuti in forma di esteri saponificabili, o da altra loro altera zione. 
Miescher e coll. (1938) hanno dimostrato che l’esterificazione con acidi 
grassi del desossicorticosterone ne esalta notevolmente 1 atti vita 
biologica. 

Come si e detto a pag. 212 neU’endocorticalina sono contenute 
sostanze riducenti diverse dall’adr. e dall’acido ascorbico. D altra parte 
l’acido ascorbico (1.2 3.000-1 : 100.000) e inattivo sul cuore isolnto 
(Petrjajenv, Sserow, 1941). 

Si pub ritencre che 1’efietto inotropo positivo osservato con 1 endocor- 
ticalina sia da riferirsi agli ormoni corticali che vi sono contenuti. 
Questa ipotesi e avvalorata dalla prova diretta in quanto che, come 
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dimostrero nella nota seguente, anche col glucoside del desossicorti- 
costerone (Percorten idrosolubile) in forte concentrazione, si osservano 
effetti inotropi positivi sul cuore di rana. D’altra parte cio non esclude 
che le minime tracce non dimostrabili di adr. che possono essere presenti 
nell’estratto corticale, siano attivate dai corticormoni e che una parte 
dell’effetto inotropo sul cuore sia riferibile ad una tale attivazione. 

In conclusions Vestratto corticale, esente da adrenalina e da acido ascorbico 
provoca sul cuore isolato di anfibi, puri effetti inotropi positivi, senza 
modificazioni cronotrope. Effetti inotropi negativi, sono rari e minimi. 
Questa azione positiva e pero modica, osservandosi solo in concentra- 
zioni relativamente elevate, per cui da qualche autore e stata negata. 


IV. — Azione associata contemporanea dell’ adrenalina (A) con 
l’Endocorticalina (E) sul cuore Di RANA 

In queste ricerche si e studiata l’azione associata contemporanea di A 
con E, saggiando su ciascun cuore i due farmaci da soli e poi in miscela, 
nelle medesime concentrazioni dapprima usate singolarmente. Si sono 
associate fra loro, in sessanta diverse combinazioni, soluzioni di adrenalina 
fra i x io' 9 e i x io' 7 e di endocorticalina fra i x io 5 e 5 X io -3 ; 
vale a dire concentrazioni inattive ed efficaci dell’uno e dell’altro membro 
dell’associazione. 

I farmaci erano fatti agire per 3', intercaiando lavacri di io'-i5'. Ad ogni esp.to si 
cambiava il cuore, per cui si lavorb sempre su miocardi in buone condizioni di attivita 
funzionale. Data la variability quantitativa e qualitativa nelle risposte del miocardio 
in toto all’adr., si determino su ciascun cuore, l’effetto singolo dell’A e dell’E, nelle con- 
centrazioni usate in ciascuna associazione. Le miscele di A e di E erano fatte in Ringer 
all’istante dell’uso, facendo in modo che lo stesso tempo (4 , -5 / ) trascorresse per la pre- 
parazione delle soluzioni e 1’allestimento dei saggi sia per l’azione singola sia per quella 
associata. 

Primo gruppo di esperimenti con A -f- E. 

In un primo gruppo di 74 esp.ti (1-18 luglio 1946; temp. amb. 20°-22°) 
i saggi si sono succeduti nell’ordine : i° Adrenalina (A); 2° Endocorti- 
calina (E); 3 0 A -(- E; 4 0 A. Nel 3 0 saggio si usava un miscuglio di A e 
di E in Ringer nelle medesime concentrazioni usate prima da sole. Come 
si e dimostrato nel paragrafo precedente, la risposta del cuore all* A e 
all’E, e costante in saggi ripetuti con la stessa concentrazione. Cio si 
e confermato per l’adrenalina, eseguendo, a volte, un 4 0 saggio con A 
alia stessa diluzione del i°. Questa costanza nelle risposte cardiache 
e, come ben s’intende, pregiudiziale per lo studio della associazione di 
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questi farmaci. Dato che nel cuore isolato di rana non si osservano, con 
adrenalina ed endocorticalina, variazioni significative del cronotropismo, 
si tenne conto soltanto delle modificazioni dell’inotropismo. 

Alio scopo di rendere paragonabili i risultati ottenuti nei vari saggi partendo da altezzc 
iniziali diverse delle contrazioni cardiache, si calcolarono i valori unitari, degli effetti 
singoli ed associati, ponendo uguale all’unita I’altezza iniziale di ciascuna prova. L’cfTetto 
dell’associazione A+E, sperimentalmente trovato (St) & stato espresso dividcndo la 
variazione massima assoluta (in mm) riscontrata durante la perfusione con la miscela 
At E per l’altezza iniziale. L’efFetto di A + E calcolato (Sc) e stato ricavato dividcndo 
la somma algebrica delle variazioni assolute (in mm) degli effetti singoli di A e di E per 
l’altezza iniziale di A piu l’altezza iniziale di E, pure espresse in mm ( J ). 


In altre parole Sc rappresenta la semisomma delle variazioni A ±_ E 
dell’inotropismo, espresse in valori unitari. Quando St e Sc sono risul- 
tati con valori numerici positivi, (St > Sc) si e calcolato il rapporto 
St/Sc. Con St > Sc, il rapporto esprime di quante volte Peffetto trovato 
supera quello calcolato, cioe la grandezza dell’attivazione. Con St = Sc; 
St/Sc = i, si ha semplice somma degli effetti singoli dei due farmaci 
associati. Poiche in pochi esperimenti, St oppure Sc risultarono con 
valori nulli o negativi, si e calcolata inoltre la loro differenza. St — Sc = O 
indica azione addittiva; St — Sc > O esprime genericamente effetto di 
attivazione; St — Sc < O degradazione nell’azione associata dell’adre- 
nalina con 1’endocorticalina sul cuore. 

Riferisco nei loro dettagli essenziali alcuni esperimenti a titolo di 
esempio. 

Esp.to N. 59 (Fig. 4) 16.VII.46. T. 22 0 C, Ore 10.25 inizia la perfusione del cuore 
con Ringer (R). Ore 10.41 i° saggio con adrenalina (A) a 1 X io -9 (Fig. 4, I); 1 altezza 
delle contrazioni da 44.5 mm sale ad un massimo di 51 mm con una variazionc di 
+ 6.5 mm (+ 0.12 in valori unitari). La frequenza dei battiti rimanc immutata (36 in 
3 ° ’)• Ore 10.44 lavacro con R. Ore 10.57 2 0 saggio con E a 5 X io" 3 . Le contrazioni da 
38.5 mm salgono a 44 (Fig. 4, II) con un aumento relativo di + 0.14. Ore 11 Ringer. 
Ore 1 1. 1 1 3 0 saggio A + E. Si fa agire un miscuglio di adrenalina c di endocorticalina 
nolle medesime concentrazioni di prima. L’inotropismo sale da 35 a 55 mm (Fig. 4, III). 
L’ effetto di A + E trovato e St = 20/35 = 0.57; l’effetto calcolato Sc — (6.5 + 5.5) 
( 44-5 4 - 38.5) = 0.14. St/Sc = 0.57/0.14 = 4.3 

In questo caso combinando 1’adrenalina con 1’estratto corticalc, 
entrambi in concentrazioni attive, si e osservato un effetto associate 
quattro volte superiore a quello calcolato dall’azione singola dei due 


(') Indicnndo con a : , c u c, l’altezza iniziale delle contrazioni e con c ; . c : la.tc.za 
massima (minima) rapidamente raggiunta durante l’azione di A, di E e di A - b. ‘-’ r " ■ 

(n ; — n,) + (c. — fi) t tenuto conto <3; variazioni mferjoti 


c. 


St - 
a ^ . o.q mm ( 


fr -;Sc» 


0.04 unita). 
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farmaci. Su di un altro cuore, associando A + E nelle medesime con- 

centrazioni (A i X icr 8 ; E 5 x icr 3 ) 
I A d*.io k * l’attivazione e risultata soltanto 



"“"I I I I I I « » I * I I I I I I I I 



mmmmmmmmmmmmaammmm ■ 

Fig. 4 

Azione associata Adrenalina + Endocorticalina 

Esp. to N. 59. 16-VII-1946. T. 22 0 C. 
t = 15" 

I Adrenalina IX io' 8 ; II Endocorticalina 
5X10' 3 ; III A + E nelle stesse concen- 
trazioni. Fra I e II 12' di lavacro; fra II 
e III io' di lavacro. 

Con A + E Veffetto inotropo trovato k 
circa 4 volte stiperiore a quello calcolato 
dagli effetti singoli di A e di E (v. il testo). 


di 1.6 volte (Tab. III). 

Esp.to N. 28. 9.VII.46. Ore 11.28 
inizia perfusione con R. Ore 12.10 
1 0 saggio con A 4 X io- 8 , minimo effetto 
inotropo da 22.5 a 23.5 mm. La frequenza 
delle contrazioni oscilla fra 42 e 43 in 30". 
Ore 12.13 R. Ore 12.23 2 0 saggio con E 
5 X io -3 . Le contrazioni salgono da 23 a 
34 mm. Ore 12.26 Lavacro. Ore 12.45 
3° saggio A + E; l’inotropismo cresce 
da 24 a 38 mm, il cronotropismo permane 
invariato a 42. Ore 12.52 Ringer. Ore 
i3-3> 4° saggio A 4 x io- 8 . Le contrazioni 
aumentano da 22 a 23.5 mm, ciofe prati- 
camente come al i° saggio. St/Sc = 
0.58/0.27 = 2.1. L’ effetto dell’associazione 
A + E & risultato doppio della somma 
degli effetti singoli. 

Nell’es. to seguente, N. 46 del 13.VII.46, 
documentato nella Fig. 5, si e combinata 
una concentrazione poco attiva di adre- 
nalina, con una inattiva dell’estratto 
corticale, e si k osservato un effetto 
associato 14 volte superiore a quello 
calcolato. Con A 4 X 10 * (Fig. 5, 1) le 
contrazioni cardiache salgono da 22 a 
25 mm; con E 2 X io" 4 (Fig. 5, II) 
rimangono immodificate a 17.5 mm; con 
A + E (Fig. 5, III) aumentano da 16 a 
32 mm.Intutto l’esperimento la frequenza 
pulsatoria permane a 38 in 30". St/Sc = 
14.2 (Cfr. Tab. VI e Fig. 5). 

Esp. toN. 34 10.VI.46. Ore 10.55 inizia 
la perfusione artificiale. Ore 11.15 A 
1 X io" 8 ; la grandezza delle contrazioni 
aumenta da 24 a 26 mm, la frequenza 
rimane immutata a 41. Ore 11.18 Ringer. 
Ore 11.29. Endocorticalina 1 X io" 6 ; 
l’altezza contrattoria rimane invariata a 
20 mm e cosl pure non varia il crono- 
tropismo. Ore 1 1.3 1 lavacro. Ore 11.49 
si saggia una miscela A + E nelle stesse 
concentrazioni diprima. Fortissimo effetto 
inotropo positivo da 19 a 33 mm. St = 
0.74, Sc = 0.04, St/Sc = 18.5 (Tab. VI). 
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In questo esperimento, combinando una concentrazione dimostratasi 
appena attiva di adr. con una inattiva di cortina, si e riscontrata una 
attivazione assai notevole (x 18.5 


volte). In genere I’attivazione piu 
intensa si e ottenuta associando 
concentrazioni inattive dell’uno, con 
concentrazioni poco attive dell’altro 
associato. 

Se nella maggioranza degli esp.ti, si e 
riscontrata attivazione, in pochi (9 su 74) si e 
registrato un effetto soltanto addittivo, come 
dimostra il seguente : 

Esp. to N. 57. 15.VII.46. Ore 16.30 inizio. 
Ore 17.3, il cuore reagisce ad A. 6 X io* 7 
con un aumento delle contrazioni da 15.2 a 
19 mm. Ore 17.5 lavacro.Ore 17. to, E 5 X to* 4 ; 
l’altezza delle contrazioni rimane immutata a 
15 mm. Ore 17.13 Ringer. Ore 17.26 A + E; 
piccolo aumento da 15 a 16.5 mm. St =0.1; 
Sc = 0.1 ; St/Sc = 1. 

L’assenza dell’attivazione non 
appare pero dipendere, o non sol- 
tanto, dal rapporto delle concentra- 
zioni associate. Difatti ripetendo su 
diversi cuori la medesima combina- 
zione (A 6 x io' 7 + E 5 x io" 4 ) usata 
nell’esp.to precedente ; si e riscon- 
trato effetto iperaddittivo in due su 
cinque cuori ed in tre sorama 
di effetti (Tab. III). 

Dimostrativi sono stati gli espe- 
rimenti seguenti, nei quali si sono 
combinate soluzioni inattive dei due 
farmaci associati e nei quali Tatti- 
vazione e apparsa evidentissima. 



Fig. 5 

Azione associata 
Adrenalina + Endocorlicalina 

Esp. to N. 46. 16-VII-1946. 1 . 22°. 
t = 15". Lavacri intermcdi di 8-9'. 

I Adrenalina 4 .< io"*; II Endo- 
corticalina 2 x 10'*; III A — E ncllc 
stesse concentrazioni. Effetto associato 
14.2 volte superiore alia somma degli 
effetti singoli. 


Esp. to N. 40. 12.VII.46. Ore 10.15 inizia la perfusionc del cuorc con Ringer. Ore 
10.40 l’altczza delle contrazioni sul tracciato e di 25 mm, la frequenza di 31 m ,.o . 
Si fa passare adrenalina ixio j ; altczza e frequenza permangono invariaie. Ore 10.43 
lavacro. Ore 10.54 E 1 X to- 5 chc risulta pure inattiva. L’altezza pulsatoria perm^ne 
immodificata a 25 mm. Ore 10.57 las’acro. Ore 1 1.9 A — t; si o-serva un cndcnte au-nen 
io dell’nltczza contrattoria da 24 a 26 mm. La frequenza non varia. St - - o.cS; Sc 
-* o. Atti\Tizionc evidente ma di grandezza non calcolabtle. ( 1 ah. \ 1). 
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2 X IO' 8 


r X io' 5 


St 

Sc 

+ 0.08 

±0 

+ 0.08 

±0 

+0.77 

t 

+0.37 


ENDOCORTICALINA 


5 X io' 4 


Sc I St/Sc 

l 


> ±0 ±0 


4 X ro' 1 





+ 0.27 +0.2 

> — 0.04 — 0.02 

±0 ±0 


± 0 +0.05 


8 > +0.13 +0.01 



> +0.24 +0.05 


+ 0.11 +0.06 1.6 

+ 0.73 +0.14 5 


> +0.22 +0.04 5.5 > +0.22 ± 0 


> +0.22 ± 0 


+ 0.42 +0.20 2.1 

+ 0.48 +0.25 1.9 

> +o-37 +0.04 9.2 


<_ +0.18 +0.04 


+ 0.02 + 

3-5 > +0.10 + 

+ 0.60 + 


+0.20 +0.12 I 1.6 > 

+ 0.26 +0.15 1.7 > + 


4X io' 7 


2X10" 7 +0.61 +0.18 



+ 0.86 [ + 


> +0.16 +0.02 8 


> +0.53 +0-17 



+0.58 j +0.16 | 3.6 > +0.58 I +0.16 1 3.6 j > +0.40 j +0.09 


1 x IO “ 


5 X 10 


4 X 10 


ENDOCORTICALINA 


Effetto inotropo sperimentalmente trovato con A + E in valori unitari. 
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n i'tr,dotcrtic a!:r:n sut ttiorr irofota di nit; 11 ( valors unit an’ dcll'inatropismo ) 


KNDOCORTICAI.1NA 


2 >’ JO* 4 t •'* to' 4 , 5 x io* 3 



Sc — EfFetto inotropo calcolato (in valori unitari) dall’effetto singolo di A e di E. 


adrenalina 
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La Fig. 6 illustra l’esperimento N. 38 del 10.VII.46, (Tab. V) in cui 
associando adrenalina 2 X icr 8 con endocorticalina 5 X icr 4 , dimostratasi 

l’adrenalina da sola inattiva (trac- 
ciato I) e PE appena attiva (trac- 
ciato II) si e registrato un netto 
aumento dell’inotropismo, ben vi- \ 
sibile nel tracciato III della Fig. 6, 
da 27 a 30.5 mm. St = + 0.13, 
Sc = + o.cr, St/Sc = 13. 

Negli esperimenti precedenti, 
si sono registrati sempre effetti 
inotropi positivi. Vediamo qualche 
esempio in cui Padrenalina oppure 
P endocorticalina hanno da sole od 
associate, dimostrato effetti inotropi 
negativi. 

Esp.to N. 14. 3.VII.46. Ore 17.6 

comincia l’irrorazione artificial del cuore. 
Ore 17.14 1 ’altezza delle contrazioni t di 
21 mm. Si perfonde adr. 4 X io*\ 
L’altezza dopo essersi ridotta a 19 mm 
(inibizione iniziale) si stabilizza dopo 
un minuto a 20 mm ( — 1.0 mm). Fre- 
quenza invariata, a 31 in 30". Ore 17.17 
Ringer. Evidente effetto di lavacro con 
rapido, transitorio aumento dell’altezza 
delle contrazioni. Ore 17.27 Endocortica- 
lina a 2 X io* 4 ; l’altezza da 21 scende a 
17 mm ed a tale livello permane durante 
tutta la perfusione con E ( — 4 mm). 
Ore 17.30 Ringer. L’altezza ritorna subito 
a 21 mm. Ore 17.40 A + E da 17 mm le 
pulsazioni si riducono a 15 mm. Ore 17.44 
Ringer, ritomano a 17 mm. St = — 0.12, 
Sc = — 0.12; St/Sc=i. Effetto associato 
di semplice somma. 

Esp.to N. 32. 10.VII.46. T. 22 0 . Ore 8.55 inizio. Ore 9.15 A 1 X io' 8 l’altezza delle 
contrazioni da 35 sale a 41 mm (+ 6 mm). Ore 9.19 R. Ore 9.30 E 2 X io' 4 . Le contrazioni 
da 31 scendono a 30 mm ( — r mm); Ore 9.33 Ringer. Ore 9.43 A + E; da 27 salgono 
a 42.5 con un aumento di -f- 15.5 mm; St = 0.37, Sc = 0.07; St/Sc = 8.1. L’attivazione 
in questo caso e stata notevole, 8 volte superiore all’ effetto calcolato. 

Esp.to N. 72. 18.VII.46. T. 23 0 . II cuore b allacciato alia leva a ore 14.32. Dopo 

20 minuti di perfusione con R. si tratta con A a z X io" 8 . Minima riduzione inotropa 
da 26.5 a 25 mm ( — 1.5 mm). Ore 14.45 R. Ore 14.54 si saggia E 2 X io" 4 , nessuna 
variazione nell’altezza delle contrazioni che permangono a 24 mm. Frequenza sempre 
invariata. Ore 15. 1 R. Ore 15.10 A + E, 1 ’altezza delle contrazioni sale da 23 a 27 mm 



Fig. 6 

Azione associate contemporanea adrenalina 
piii endocorticalina 

Esp.to N. 38. 10-VII-1946. t = 15". 

Lavacri intermedi di to'. 

I Adrenalina 2 X io' 8 ; II Endocortica- 
lina 5 X io' 4 ; III A + E nelle stesse 
concentrazioni da sole inattive. Effetto 
inotropo indicante evidente attivazione. 




ADKF.NAI.INA Y. ENDOCORTICALINA 


227 


4 mm). Ore *5.13 R. St — *• 0.J7, Sc — 0.03. Ln iieve nr.ionc inotropa neRativa 
dctl’ndr., dopo nj^omrionc con JV.tr.uto cnrtictlc ;i c trnnformntn in evidente nzionc 
motoria poMtiva. 

In un altro r«pcrimrn(n <N. 4) 1‘nttiY.irionc c apparr-a dntla riduzionc dcIt'cfTctto 
nepativodeiduc fnrmnri n^oeiati. Con AN ■* 10“ m rhbc un efTctlo inotropo negativo 
di — 4 mm; con K : » to*‘ inihirione t 5 i — 3 mm; con A •)- E — 2 mm, St = — 0.07, 
Sc — 0,12, 


Dai dati nnalitici di tuttc ic misurazioni cseguite sui tracciati dei 
74 esperimenti di questo gruppo, si £ ricavata la Tahelia III, nclla quale 
sono indicati i valori ddi’nzione associata Adrenalina Endocorticalina, 
trovata (St) calcolata (Sc) e del rapport o St/Sc. Quando questo rapporto 
non e stato caicolabilc, dalia differcnxa St-Sc, per brevita non indicata 
nclla tabella, si e ricavato sc I’efictto nssociato c maggiorc (>) uguale 
(— ) o minore (<) della semisomma algcbrica degli efTetti singoli dei 
due ormoni. se cioe 1’efTctto associate e di attivazionc, di addizione 
o di degradnzione. 


2 0 c 3 0 Gruppo di esperimenti still' azionr associata contcmporanea 
adrenalina -f endocorticalina. 

In un sccondo piu breve gruppo di 21 esperimenti, lc prove si susse- 
guirono nelPordinc : j) A 4- E; 2) A; 3) E; 4) A -f E usando adrenalina 
fra 6 X io' 8 c 4 x io- 7 cd endocorticalina fra 1 x io' 6 c 1 X io" 1 . 
Questi esperimenti sono stati eseguiti alia fine del luglio” 46, in giorni 
nei quali, un improvviso rialzo tcrmico fecc salirc la temperatura ambiente 
da 2o°~22° a 27°-2S°, condizionc alia quale dapprima non si era data 
sufficiente attenzionc e che invccc puo in gran parte spiegare i risultati 
poco chiari o contradditori ottenuti in questa seric. Difatti in circa la meta 
dei saggi di questo gruppo con l’adrenalina sola si ebbe risposta nulla, 
anche con concentrazioni di norma altamcnte attive sul cuore ed in 
7 su 21 esp.ti, 1’efFetto risultb nullo in tutti i quattro saggi di ciascuna 
serie. Nei 14 esperimenti nei quali si ebbe risposta positiva con A + E, 
confrontando l’cffetto calcolato con quello trovato nei 4 0 saggio risulto 
attivazionc in n, confrontando 1 ’efFetto calcolato con quello trovato nei 
i° saggio solo in 5 e negli altri addizione o minima degradazione. Questa 
discordanza nei risultati della medesima associazione, sullo stesso 
cuore, saggiando la miscela A -f- E all’inizio (i°) ed alia fine (4 0 saggio) 
dell’esperimento, aveva dapprima fatto pensare (26) che il cuore di 
rana, in ottima attivita funzionale, reagisse all’adrenalina da sola ed 
associata alia cortina, meno di quando questi farmaci avevano agito 
piu volte, che cioe il cuore potesse presentare variazioni, in pih o in 
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meno, nella reattivita alia adrenalina, che avrebbero potuto, in parte 
almeno infirmare le conclusioni sull’azione associata. Sono stati questi 
risultati che suggerirono di eseguire una ricerca sistematica, la quale 
dimostro (28), come si e detto che anche dopo 10-20 saggi successivi il 
cuore di rana risponde con costante effetto inotropo alia medesima 
concentrazione di adrenalina. E lo stesso e apparso, come si e visto nel 
capitolo III, con l’endocorticalina. La spiegazione dei risultati non 
sempre concordanti di questo secondo gruppo sperimentale, doveva 
dipendere da altra condizione, l’aumento della temperatura ambiente, 
con conseguente accelerata velocita di degradazione ossidativa dell’adre- 
nalina e degli ormoni corticali, nei sia pur pochi minuti necessari per 
la preparazione delle soluzioni e l’allestimento del saggio, e che era 
passata inosservata, poiche alle grandi diluzioni usate le soluzioni di 
adrenalina non si colorano. 

E che questa interpretazione fosse nel vero, e risultato con evidenza 
in un terzo gruppo di 10 esperimenti, eseguito nel successivo ottobre 
con la medesima serie di saggi del secondo, a temperatura ambiente di 
i 8°-20° e facendo le diluzioni di Z-adrenalina dalla soluzione madre di 
Sindrenina Recordati 0,1 per mille in acqua distillata e quella di endo- 
corticalina pure da soluzione madre 1 % in acqua dist. con alcuni 
accorgimenti per ridurre al minimo il tempo di esecuzione delle diluzioni. 
In tutti questi esperimenti si ottenne un evidente effetto iperaddittivo 
(da 2 a 5 volte) per l’associazione A + E, sia nel i°, sia nel 4 0 saggio, 
rispetto all’effetto calcolato, con buona corrispondenza anche nella 
grandezza dei valori fra il saggio iniziale e quello finale. Vale a dire 
una piena e chiara conferma dell’attivazione riscontrata nel primo piu 
numeroso gruppo di esperimenti. 


V. — COMMENTO E CONCLUSIONI 

Col procedimento adottato, l’adrenalina e I’estratto corticale, si sono 
associati in modo da combinare fra loro : a) concentrazioni subliminari 
dell’uno e dell’altro farmaco; b) concentrazioni inattive di un membro 
dell’associazione con concentrazioni efficaci dell’altro e c) concentrazioni 
attive dei due farmaci. Si sono cioe prese in considerazione le tre possi- 
bility di una tale indagine, estendendola a circa 60 combinazioni diverse 

di A -j- E. 

Poiche il miocardio reagisce a questi ormoni con risposte inotrope 
positive o negative, senza variazioni cronotrope apprezzabili, il giudizio 
sull’effetto associato si e ricavato paragonando Peffetto trovato con 
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lc mifcclc A K con qucllo calcolato dalla scmisomma algebrica degli 
ejTciti singoli. 

Esaminando i risultnti ottenuti, si pub afTcrmare che nei piu vari 
rapport i di concentrazione, assochmdo adrcnalina con corticalina, sul 
cuore isolate* di ratva, si ottengono elTetti inotropi maggiori della somma 
delle singole risposte di A e di E. L’ipmesi di partenza non poteva 
trovare roipliore conferma sperimcntale. 

I/azionc ultra addittiva si c riscontrata in 65 su 74 esperimenti 
(87.8 ° 0 ) del primo gruppo; mentre dei rimanenti 9, in 7 si notarono 
elTetti addittivi ed in 2 nccenno a degradazione. Qucsta piccola per- 
centuale (12.2 %) di elTetti di somma o di degradazione apparve con 
concentr.rz.ioni inefiicaci opp tire in cuori scarsamcnte reattivi; ma cio 
che piu contn, anche con le comliinazioni A -j- E, con le quali l’attivazione 
scinbrava mancare, ripetendo la prova con la medcsima combinazione 
su aitri cuori, si trovb cJTetto uitraddittivo (Tab. III). 

Si pub percib concludere chc I'rffctto iperaddittivo c ccrtamcntc dimos- 
trabilc in tutti i rapport i di concmtrazionc esaminati dell' adrcnalina e 
dcU'cndocorticalina , come appare dalla cjuarta colonna di ciascuna 
combinazione, riportata nella Tab. Ill, in cui almeno qualche volta i 
segni > si ritrovano in tutte le combinazioni saggiatc. Scnza voler 
cscludcrc die possano csservi rapport i di concentrazione dei due ormoni 
associati, ai quali I’attivazione si manifesti mcno facilmcntc, e certo che 
in qualsiasi rapporto si riesce a dimostrarla. 

Degradazione, appena acccnnata, c apparsa cccczionalc (in 2 su 
74 esp.ti del primo gruppo, in 3 su 14 del secondo) e cosi pure raramente 
si registrarono effetti di addizione. Per altre associazioni ad esempio per 
i convulsivanti dallo Scrhmin (1928), per gli anestetici locali da Rabbeno 
e Cavalli (1939), si e osservato che i processi di addizione, attivazione, 
degradazione variano in funzionc dei rapporti di quantita dei due 
farmaci associati; invecc con Passociazione adrenalina-estratto corticale, 
1’effetto iperaddittivo e apparso la norma, indipendentemente dal 
rapporto di concentrazione dei farmaci associati. Questa associazione 
sembra percib seguire la nota regola del Burgi. 

Esaminiamo la grandezza dell’attivazione riscontrata, che spesso e stata 
cospicua. La tabella IV ci dice che dei 65 esperimenti con effetto 
uitraddittivo in 56 il rapporto St/Sc e stato calcolabile. Nel 17.5 % del 
totale l’attivazione e stata piccola (da X 1.3 2X2); nel 45.9% media 
(daX 2 ax 6), nel 12.2% grande (dax6 axi8 volte la somma calcolata). 

Non sempre l’attivazione e dipesa da un aumento dell’effetto inotropo 
positivo della miscela adrenalina + endocorticalina. In pochi cast 
(Tab. Ill) l’attivazione e risultata (come con A 5 X 10' 8 + E 2 X 10 4 ) 
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Tabella IV 


St/Sc 

N. esp. ti 


N. esp. ti 



Addizio ne 0 minima 






degradazione 



9 

12.2 % 

1.1-1.9 

Attivazione 

13 

17-5 % 



2.0-2. 9 


11 

\ 



3 -o- 3 -9 

» 

n 1 

( 45-9 % 



4.0-4.9 

)) 

6 I 




5 - 0 -S -9 

1) 

6 > 




6.0-6.9 

)) 

2 > 

1 



7.0-7.9 

)) 

0 j 




8.0-8.9 

» 

2 ( 







> 12.2 % 



9.0-9.9 

n 

1 ( 




10-18 

» 

4 J 

j 



Indefinito » 

9 

12.2 % ! 

1 




Attivazione 

6 S 

87.8 % 

65 

87.8 % 


Totale 



74 

IOO 


da una diminuzione dell’effetto negativo calcolato; oppure, come con 
A 6 X ic 8 + E 4 X i o' 4 , dalla inversione di un effetto negativo a 
positivo. 

Ripetendo la prova su cuori diversi, con la medesima cotnbinazione 
A -f- E, si e riscontrato che l’entita dell’attivazione varia da cuore a 
cuore e con differenze anche notevoli (Tab. III). Per es. con la miscela 
A 4 X io' 8 | E 2 X io' 4 , su di un cuore Feffetto associate e stato 
1.5 volte il calcolato, nell’altro 14.2 volte superiore a quello addittivo 
teorico. 

Non si pud escludere che queste differenze oltre alia variabile reattivita 
dei miocardi possano essere dipese da un inizio di degradazione ossi- 
dativa delFadrenalina o di una scissione degli esteri degli steroidi della 
cortina, nell’ambiente lievemente alcalino del Ringer; per quanto che la 
costanza delle risposte coi saggi ripetuti con la medesima concentrazione 
di A o di E (con soluzioni fatte alPistante dell’uso) faccia ritenere 
trascurabile questa causa d’errore. 

Da sottolineare gli esperimenti nei quali combinando fra loro con- 
centrazioni-subliminari di adrenalina e di endocorticalina, si ottenne 
effetto inotropo positivo e quelli nei quali concentrazioni subliminari 
di adrenalina divennero attive in presenza dell’estratto corticale, oppure 
concentrazioni sotto la soglia di endocorticalina esaltarono, a volte m 
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T.Mnt.tA V 

Atth'avinr.r altcvuta ecmhir.imdo rnnrentravimi irrfitran di Adrcnnlina (A) c di Endo- 
coTiitalinit ( E } opputr rnr.err.tmtirmi tr.rjjiran drlEutin am at live dcll'nltro farmaco 


EfFctto m(h:o!o Efictto combinnto 


N. 

A 

Cone, 

K 

Cone. 

A 

mm 

k 

mm 

* 

/\ 

v.u. 

!■: 

v.u. 

A - k 

trov. 

mm 

A • E 

trov. 

v.u. 

Si 

A -■ E I 
calc. ; St 
v.u. ' Sr 
Sc 

1 

| Risul- 
, tato 

1 

J 

40 

J to’* 

t * 

to* 

* O 

i 0 

- 0 

: 0 

- 2 

■ 0.0S 

‘ 0 ' (1) 

1 Attivnz 

54 

* 

*? * 

to'* 

* 0 

* O 

- 0 

; 0 

• 2 

■* 0.00 

: 0 l(t) 

V 

“i 

6 • to * 

1 * 

JO' 1 

- 0 

• 0 

- 0 

: 0 

» ** 

-0.0S 

i.o (1) 

I “ 

45 

4 to'* 

5 '• 

to’* 

« 2 

- 0 

. 0.08 

* 0 

" 4 

1 o.tS 

- 0.04 4.5 

1 » 

46 

1 

• 

to * 

’* 

- 0 

•• o.t.t 

1 0 

* 12 

• t.o 

•1 0.07 14.2 

P 

3 * 

2 y to’* 

5 * 

to'* 

* O 

i 0.5 

1 0 

- 0.02 

- 3.5 

-’ 0.13 

■‘•0,0! (t 3 ) 


8 

i 

4 ♦* 

to’* 

* O 

•** 2 

: 0 

• 0. 1 1 

* 2 

-* 0.1 1 

0.0G t .6 

• 

H 

72 

* 

2. * 

to’* 

— 1.5 

to 

O.06 

: O 

* « 

-0.17 

: O (l) 

X 

1 

34 

t / to’* 

I * 

to' 

••2 

J 0 

0.0S 

? O 

- »4 

-0.74 

■* 0.04 18.5 

» 

64 

8 > to' 7 

■ 4 > 

to’* 

- 0.2 

: 0 

4 0.01 

* O 

• 0.05 

‘1 0.22 

-:.o (t) 

>» 

1 

J3 

4 >’ to’ : 

4 * 

to' 4 

4 t 

z O 

•• 0.04 

■; 0 

4 3-5 

-• o.tb 

0.02 8 



1 '.u. valori unitnri ; (1) Vnlorc indcfinito del rnpporto SrfSc. St efFctto combinato 
trovnto in valori unitnri; Sr efTctto combinnto cnlcolnto dapli efTctti sinpoli di A c di E. 


modo cospicuo, 1’cfFctto dcll’adrcnalina. Nclla tab. \ sono riportati 
alcuni di questi esperimenti. 

In conclusionc si e constatato che : o) effetti iperaddittivi si riscon- 
trano in tutti i rapporti di conccntrazione dell’associazione adrcnalina 
4- endocorticalina ; b) anchc quando si registra semplice somma, ripe- 
tendo la prova su altri cuori, con la stessa combinazionc, si puo consta- 
tare attivazione; c) la grandezza dell’effetto iperaddittivo varia da cuore 
a cuore anche con la medesima combinazione delle concentrazioni di 
A + E; d) concentrazioni subliminari di adrenalina divengono efficaci 
in presenza dell’estratto corticale, e viceversa. 

Tutti questi fatti sembrano parlare a favore dell’ipotesi che 1 attiva- 
zione riscontrata sia riferibile ad una sensibilizzazione del miocardio, 
ad aumentata reattivita dei gruppi eccitomotori (o a diminuita reattivxta 
dei gruppi inibitori) adrenergici dei recettori miocardici, (Spadolini 38), 
a condizioni intrinseche al cuore; piuttosto che a processi svolgentisi 
in vitro nelle miscele adrenalina-endocorticalina, a fattori estrinseci. 

Infatti in quest’ultimo caso, ripetendo la prova su cuori diversi, con 
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gli stessi rapporti di concentrazione dei due ormoni associati; cioe con 
la stessa combinazione, l’effetto associato avrebbe dovuto risultare dello 
stesso segno e dello stesso ordine di grandezza. 

Poiche pero altre considerazioni sembrano accordarsi anche con 
l’ipotesi, pure suggestiva, della formazione di « unioni » dell’ adrenalina 
coi corticormoni o con altri components dell’estratto corticale, converra 
rimandare la discussione sul determinismo dell’attivazione osservata 
nel Yazione associata contemporanea adrenalina-corticormoni, a quando 
altri fatti siano stati assodati e limitarsi per ora a prospettare alcune 
ipotesi di lavoro, che si stanno sottoponendo all’esperimento. 

In primo luogo converra vedere se l’attivazione dell’effetto cardiaco 
dell’adrenalina dipenda dagli ormoni presenti nell’estratto corticale o 
da altre sostanze. 

II chimismo dell’attivazione adrenalinica in presenza di cortina, puo 
dipendere da una sensibilizzazione dei recettori adrenergici del mio- 
cardio, oppure da processi svolgentisi (in vivo, in vitro) fra adrenalina 
e steroidi corticali. Processi, i quali possono riferirsi a due ordini di 
fenomeni : a) ad inibizione dell’ossidazione dell’adrenalina; b ) a for- 
mazione di combinazioni (chimiche, chimico-fisiche) fra adrenalina e 
steroidi, unioni piu attive dell’adrenalina contenutavi. 

Alcuni steroidi corticali sono dotati di proprieta riducenti. 
L’azione antiossigeno sull’adrenalina potrebbe essere esplicata sia da 
steroidi dotati di attivita corticosurrenale, sia da steroidi biologicamente 
inattivi, dato che dagli estratti surrenali sono stati isolati numerosi com- 
posti sterici cristallizzati, in parte privi di azioni ormoniche, oltre ad 
una porzione amorfa (Cfr. Kendall 1941). L’esistenza di complessi 
adrenalino-Iipoidei, e stata prospettata da Konshegg e Monauni, da 
Westphal e Sievert. Con una modificazione del metodo colorimetrico 
di Shaw al molibdato di arsenico, Raab aveva dapprima (1941, a, b, 
c, d) ritenuto si determinassero nel sangue e nei tessuti, accanto ad 
adrenalina libera, composti dell’adrenalina con steroli corticali; ma 
successive ricerche gli fecero escludere la partecipazione degli steroli 
alia reazione blu finale; per cui Raab nei suoi piu recenti lavori 
(1942 e seg.) rinuncio alia ipotesi di unioni adrenalino-corticali. 

I noltre si puo ammettere la possibility di unioni dell’adrenalina 
con altri lipoidi (Iecitine) del sangue e dei tessuti. Swingle e Pfiefner 
( I 93 I ) avevano constatato che I’adr. diviene alquanto solubile in benzene 
in presenza di fosfolipidi ad avevano ammessa la presenza nei surreni 
di una forma di adrenalina solubile nei solventi organici. Kendall (1942) 
e Raab (1943 /) osservarono che I’adrenalina si scioglie m clofoformio 
in presenza di lecitina. 
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Qucsti due proccssi — rilardo ncirnuiossUlny.ione; union! nctrcnalino- 
lipoidi — possono manifolarsi sin in vitro nelle miscelc adrenalina- 
cortina, sia in vivo a livedo dci reeettnri adtenerpici dei visceri cd a 
priori non si csdudono a vicenda, poiche, come per Kascorhato di 
adrcnalina. sale cristallino stabile ottemtto da Hoffmann e MaRQUARDT 
(193S) e studiato da MARpuwnpT {103K, 1940) e da MnniNCHt (1946), 
ripotetica unionc adrenalino-steroidi potrebbe pot tare ad un prodotto 
mcno fncilmcnte ossidabile e forsc pin attivo dcH'adrenalina contenutavi. 


St MMMlV 

The action of rub cnalin f,M and of an adrenal cortex extract (Kndocorticalin I.S.M. 
JM]) on frog's heart mu-elc wa* -tudtrd, Thr inotropic effect, without eiironotropic 
variations remain*. con* t ant during rep rated trial', both with A :<m! hi on thr * .mic heart. 
The contemporary n**j*cin!rd action wa- invr-thv.trd petfii’ing the hr.tr! with A pint 
If mixtures of thr tame concentrations r'-ayrd singularly with both hormone*. 

Combining concentrations of A from r ■ re * to t • jo ’ with concentrations of 
K from 1 ••• jo'* to 1 ' to‘, thr 3**orintrc! rifrvt on frog’s heart is generally hyper- 
additivennd exceptionally ntroh-ervrd effects c»f jnitr addition or of 'lightest degradation. 
The activation noted on all thr 60 r-axed combination', of thr ns-ociation ndrcnnlin- 
endocorticnlin; therefore it • cents t<i hr imlrprndrnt from the concentration report of 
the associated hormone*. 

The magnitude of the hyperaddttive effect change- from heart to heart anti may be 
conspicuous. Calculating, when pmrihle, the relation St Sc — between inotropic increase 
found (St) with A •• If and that calculated (Se) from thr algebraic : uni of the single effects 
of A and K — it has resulted that : on 17.5 the activation was .small (less of v 2), on 
■ 45-9 °o middle (from • 2 to :• f>) on J2.2 great (from • 6 to • 18) on 12.2 

remarkable hut not measurable. On the rest 12.2 it was observed addition or slight 
degradation. 

Inactive concentrations of adrenalin become efficient associated with suprarenal cortex 
extract, and reciprocally. Some suppositions arc mentioned in order to explain the 
activation of adrenalin produced by adrenal cortex extract on frog's heart muscle. 
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Two forms of phenolphthalein are employed medicinally for laxative 
action : (1) a commercial-grade product, usually called “ yellow phe- 
nolphthalein ” (Y. Pht.), and (2) a high-grade product, “ white phe- 
nolphthalein ” of U.S.P. purity (W. Pht.). The technical names 
originate from the fact that, whereas W. Pht. is practically colorless, 
some of the numerous by-products present in commercial-grade 
phenolphthalein are yellowish to deep-brownish in color. Rather early 
in the history of phenolphthalein the impression developed that Y. Pht. 
was markedly superior in laxative activity to W. Pht. Experimental 
confirmation of this impression came only in 1934 (2) when Y. Pht. 
was shown to be about three times as active as W. Pht. in the rhesus 
monkey, the only species of laboratory animal suitable for such laxative 
studies. 

Numerous and conflicting views concerning mechanism were advanced 
in explanation of the superior laxative potency of Y. Pht., even before 
the phenomenon was conclusively demonstrated. Among these were (a) 
pharmacodynamic explanations such as the presence of an unidentified 
laxative chemical among the by-products, having an incomparably 
higher potency than phenolphthalein (3), or of a laxative from the class 
of hydroxy-anthraquinones, capable of imparting yellow color as well 


0 For previous paper, see (1). 
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as extra-potency (4,5; compare : 6,7); and (b) physico-chemical mecha- 
nisms, such as greater rate of solution in water (8, 9), smaller particle 
size increasing the solution rate in water (10) or protective colloidal 
by-products causing phenolphthalein to be precipitated in smaller 
particles in the process of manufacturing (11). Only after the rhesus 
monkey was shown to be a reliable test animal for comparing the 
laxative activities of phenolphthalein preparations (12, 13, 14, 15) could 
one endeavor to investigate the possible factors underlying the difference 
in potency between W. Pht. and Y. Pht. This present study is concerned 
with the problem whether the phenomenon has a pharmacodynamic or 
a physico-chemical basis. 


Procedures 


The phenolphthalein preparations employed in this work and the methods used for 
studying the correlation between their properties and laxative activity will be described 
in the sections concerned. The procedure for determining the laxative activity was 
the previously described method of bioassay in the rhesus monkey (12, 13, 14, 15) f 1 ). 
The bioassay results are expressed in terms of relative potency (P) of the test pre- 
paration in reference to that of the standard (W. Pht. = ioo). 

The present study often deals with preparations containing one or more components 
in addition to the main laxative component. In such products, another aspect of potency 
is important, namely, the specific potency (Sp. P.). Sp. P. is the per cent ratio between 
the actual potency P of a combination and the summative potency, P s , which it would 
exhibit in the case of a merely summative effect of the components, 

Sp. P. = 100 P/P s (1) 

If a combination is composed of a, b, c, etc., per cent of the components A, B, C, etc., 
having the potencies P A , P B , P c , etc., respectively, 

P s = 1/100 [(a x P A ) + (J x P B ) + (c X P c ) | ] (2) 

By definition, for every pure substance, Sp. P. = ioo. 

Determinations of Sp. P. are indispensable for a study of the basis of the potency 
of a combination. If Sp. P. of the combination is ioo, its potency is due to mere sum- 
mative effect of the components. If Sp. P. is greater than ioo, this may be due to (a) 
synergism in its strict sense, i.e., supra-additive pharmacodynamic effect of the compo- 
nents, including pharmacodynamic sensitization by one component to the action of 
another, or to ( b ) activation, i.e., an increase of effectiveness of the main or sole active 
component by other than pharmacological influences of an accompanying component. 
Mechanism ( b ) is operative if the supra-additive Sp. P. of the combination is manifested 
only when the combination was prepared under certain special conditions. These consi- 
derations guided the arrangement of the experiments. 
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Experiments 

i, — The Potency Ratio Between Yellow and White Phenolphthalein 

An extensive bioassay study of the potency ratio between Y. Pht. 
and W. Pht. was reported previously (15). It was based upon 1B01 
monkey experiments with a single batch of Y. Pht. and 706 experiments 
with a standard batch of W. Pht., and indicated a mean potency ratio 
Y. Pht./W. Pht. of 2.96 and a potency P = 296 of Y. Pht. In these 
assays and in later ones based upon a large number of additional 
experiments, ratios established at different times and in different 
populations of monkeys varied generally between 2.5 and 3.0, with 
only a few values in a lower range. More instructive, however, than 
the statistical features of the mean potency ratios in these monkey 
populations is an analysis of the inter-individual variation of the intra- 
individual potency ratios. The assay method employed furnished data 
for such a study. In a considerable number of the 350 monkeys 
employed in comparative bioassays during a period of seven years, 
alternating experiments with varied doses of W. Pht. and Y. Pht. were 
conducted in numbers sufficient to obtain values with an error of less 
than ± 30 per cent and to calculate how much more potent Y. Pht. 
was in each individual monkey than W. Pht. In some monkeys employed 
for periods of 9 months to 6 years, this intra-individual potency ratio 
was determined repeatedly at various times. Characteristics of the 
distribution curve of all these individual potency ratios were a wide 
scatter, a minimum ratio of 1.0 and a maximum ratio as high as 8.0, 
a low peak near 3.0, modes near 1.0 and 2.5, and a large standard error. 
These features suggest that, whereas a marked superiority in laxative 
activity of Y. Pht. over W. Pht. can be demonstrated by adequate 
bioassay procedures, test animals differ greatly in their responsiveness 
to the unknown mechanism responsible for the extra-potency of Y. 
Pht. Some monkeys are almost three times more susceptible than the 
average population; others are practically refractory to the factor 
responsible for the increased potency. 


2. — Laxative Potency of the By-Products of Yellow Phenolphthalein and 

its Specific Potency 

Five substances have been identified as by-products of the synthesis 
of phenolphthalein and shown to be components of Y. Pht. The laxa- 
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Taih.e 1 


Current 
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Potency 

1 

Literature 
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Substance 
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data on 



] ing to : W. Pht. = 100 
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| Yellow Extract I 

■ 
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<20 

— 
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Yellow Extract II 
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<60 

— 

8 

Yellow Extract III 
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<25 

— 

9 

Yellow Extract IV 

— 

<30 

— 

10 

Yellow’ Extract V 

| 



1 

(Wax Fraction) 

— 

< 5 ° 

— 


tive potency of four of these substances was determined (see Table I, 
N° 1 to 4); their potency is negligible in comparison with that of phe- 
nolphthalein. Each of them appears to amount to less than two per 
cent of Y. Pht. (7). The fifth impurity, which was not available in 
amounts sufficient for bioassay, accounts for far less than one per cent 
of Y. Pht. (7) and probably can be disregarded as a significant contri- 
butor to the extra-potency of Y. Pht. 

Inasmuch as all the known by-products of Y. Pht. together account 
for only a minor part of the impurities of the commercial products, 
a more comprehensive procedure was chosen to determine if a compound 
of considerable laxative activity is among the impurities of Y. Pht., 
namely, ascertaining the laxative potency of so-called “ yellow extracts 
Such extracts contain all the by-products of Y. Pht. and can be separated 
without loss or chemical alteration. Extraction of Y. Pht. with ether 
leaves most of the phenolphthalein undissolved ; extraction with ethanol 
results in phenolphthalein separating out by crystallization upon partial 
evaporation of the solvent. Four “ yellow extracts ” (I to IV) obtained 

(') Modified potency statement based on experiments subsequent to those underlying 
previously (15) reported value. 

( ) Value calculated from the same authors’ ( 7 ) Median Laxative Doses. 
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by these two methods and one “ yellow extract ” of wax-like consistency 
(V) obtained by Tswett column fractionation were bioassayed in 
monkeys (see Table I, N° 6 to 10). In these extracts, the by-products 
were enriched many-fold at the expense of the phenolphthalein content. 
Yet, in no case were they more potent than the starting material. 

These experiments allow an estimate of the Sp. P. of Y. Pht. Accor- 
ding to the preceding section, the mean P of Y. Pht. is 296. Since the 
minimum phenolphthalein content of Y. Pht. is somewhere between 
93.16 and 99.46 per cent (7) and the maximum P of its by-products is 
less than 60 (see Table I, N° 6 to 10), its P§ is < 99.8 and probably 
even < 97.3 [equation (2)]. Accordingly the mean Sp. P. is > 285 
and probably > 304 [equation 1]. In view of the great variability 
of the P value of Y. Pht., a value of 300 can be considered a fair estimate 
of the mean specific potency of Y. Pht. Since the Sp. P. is so much 
greater than 100, a summative effect of the components as the basis 
of the increased potency of Y. Pht. is excluded. 


3. — Laxative Potency of Combinations of Phenolphthalein with its 

By-Products 


a) Mixtures. 

A superadditive pharmacodynamic effect due to synergism between 
the phenolphthalein component and a by-product of Y. Pht. will reveal 
itself if the two components simultaneously administered exhibit the 
increased potency of Y. Pht. Various “ yellow extracts ” and isolated 
by-products of Y. Pht. were mechanically admixed in powder form to 
W. Pht. in varied ratios. In no case was the specific potency of the 
mixture significantly greater than 100 (examples : Table II, column 5, 
N° 2 and 7). 

b) Co-Precipitates. 

Y. Pht. differs from a mere mechanical mixture of phenolphthalein 
and Y. Pht. by-products by being a co-precipitate of the components, 
prepared by precipitation from a common solution of the components 
in aqueous sodium hydroxide with the aid of mineral acid in the pre- 
sence of an antoxidant. By the same procedure, co-precipitates were 
prepared from all the above mixtures of W. Pht. with various Y. Pht. 
by-products and bioassayed in the monkey (examples : Table II, 
column 8, N° 2, 3, 4, 5, 6, 7, 8 and 10; see also N° 1, a). When the 
co-precipitate consisted of W. Pht. and yellow extracts or of W. Pht. 
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Taule II 


Laxative Potency of Combinations, Prepared by I 'arious Procedures, of U.S.P. 
Phenolphthalein tcith Various By-Products ( II) 
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and isophenolphthalein, the potency was always higher than that of 
the mechanical mixture of the same composition. In all co-precipitates 
with yellow extracts, the specific potency was near that of Y. Pht. 
(300 ; e.g., N° 1 of Table). Fluoran, phenolphthalin and phenol- 
phthalidein, when combined with W. Pht. by co-precipitation, increased 
the potency least significantly (see Table II, N° 4 to 6). 

c) Co-Cry stallizates. 

When the combination of phenolphthalein and yellow extract was 
effected by common crystallization ( 4 ) instead of by co-precipitation, 
for example, by evaporation of the common solvent from an alcoholic 


C 1 ) Co-cry stallizate of column 6, redissolved in alkali and re-precipitated by diluted 
sulfuric acid. 

(*) A derivate, but apparently not a by-product, of phenolphthalein. 

( 3 ) Practically the same value was recently (7) reported (P = 67, which indicates 
9 * < Sp. P. < 96). 

( 4 ) In using the terms crystallization and co-crystallization, the authors are aware 
that not all the components of the evaporation residue are obtained in crystalline form. 
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solution of the components, the dried and triturated co-crystallizate 
exhibited no markedly greater potency than a mere mixture of the 
components. Even when the common solution of yellow extract and 
phenolphthalein was prepared by simply dissolving Y. Pht. in ethanol, 
the specific potency of the co-crystallizate obtained by evaporation of 
the solvent was not significantly greater than 100 (Table II, N°. 1, 
column 6). Re-precipitation, by the conventional method, of this low- 
potent co-crystallizate resulted in almost complete restitution of the 
original high potency of the Y. Pht. employed (N° 1, b, column 8). 

d) Fusion Products and Hot Triturations . 

In some instances, fusion products of the above reported mixtures and 
co-precipitates were prepared by dissolving one component in the other 
at a temperature near the lower of the two melting points and finely 
triturating the product after cooling. Some of these fusion products 
exhibited no significantly greater potency than the mechanical mixtures, 
the specific potency of others, however, approached or even exceeded 
the greater Sp. P. of the co-precipitate ( e.g ., Table II, column 7, N° 7, 
8 and 9). Fusion products of phenolphthalein and yellow extracts 
were not studied. The temperature required to obtain fusion is higher 
than that applied in the manufacture of Y. Pht. and therefore the risk 
of chemical alteration of some of the by-products at that temperature 
cannot be excluded. 


Discussion 

This study attempts to elucidate the unknown mechanism by which 
commercial-grade “ yellow phenolphthalein ” possesses several times 
the laxative potency of chemically pure “ white phenolphthalein ”. 
The potency difference was confirmed in this work by extending 
previously reported bioassay studies (15) to a total of several thousand 
experiments. Simultaneously, more detailed quantitative information 
was gathered in these experiments on the ratio of the potencies of Y. 
Pht. and W. Pht. The assays provide data on the variation of this 
“ standard ” value, obtained by determination of the potency ratio in 
different monkey populations and particularly in individual animals. 
Individual monkeys differ greatly in their sensitivity to the factor in Y. 
Pht. responsible for its superior potency; some are eight times as 
susceptible to Y. Pht. as to W. Pht. whereas others do not differ in 
their response to the two types of Pht. Certainly, any interpretation 
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ultimately offered for the greater potency of Y. Pht. must take into 
consideration this phenomenon of an extraordinary inter-individual 
variation in sensitivity to Y. Pht., quite unrelated to that to W. Pht. 
The phenomenon makes it clear that the significance of any of the 
reported inter-individual mean values of the Y. Pht./W. Pht. potency 
ratio is rather limited. Indeed the value differed for different monkey 
populations. The over-all mean t'alue of 2.96 from the large population 
of the present study is employed with full awareness of this limitation. 
It cannot be claimed as a generally valid value any more than can the 
figure 3.3 of earlier (2), or the value 2.5 of more recent investigators (7). 
For the reasons here disclosed, it would be erroneous to ascribe the 
differences between the three values to differences in the assay 
methods ; this should be emphasized since those who reported the value 
of 2.5 call their assay an “ improved ” method (7). Indeed, an 
improvement over the procedure employed in the present work has 
only recently been made available by one of us (16). 

From the study of the conditions under which the by-products 
bring about the high potency exhibited by Y. Pht., a satisfactory answer 
was obtained to the question of a pharmacodynamic explanation of the 
potency increase in Y. Pht. Neither a single by-product nor the sum 
total of impurities of Y. Pht. was found to possess higher potency than 
phenolphthalein. This fact alone precludes an additive effect resulting 
from the summation of the potencies of the components. Moreover, 
the potency of the known by-products individually and in combination 
was found to be so negligible that pharmacological potentiation is 
extremely improbable. Indeed, neither single by-products nor their 
entirety increased the potency of pure phenolphthalein when administe- 
red simultaneously, even in form of an intimate mechanical mixture with 
phenolphthalein. Experiments disclosed that the mechanism becomes 
operative only when the components are combined under certain well- 
defined conditions. Whereas mechanical mixture or crystallization from 
a common solvent does not grant sufficiently increased potency to the 
resulting powder, acid precipitation of the components from their 
solution in alkali according to the customary method of preparing 
medicinal phenolphthalein results in a powder with the potency of 
Y. Pht. This mechanism is sharply distinguished from any pharma- 
codynamic mechanism of potency increase. It is a physicochemical 
activation. 

The experiments did not clearly reveal which one of the by-products 
of Y. Pht. is responsible for the activation of phenolphthalein. Some 
of them obviously play a negligible role. The only known by-product 
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shown to be capable of moderately activating phenolphthalein was 
isophenolphthalein, but a chemically undefined, isophenolphthalein-free 
fraction of Y. Pht. extracts was capable of raising the potency of pure 
phenolphthalein to the full potency of Y. Pht. Thus, there is more 
than one activator among the impurities of Y. Pht. and the question 
how they participate in the activation of phenolphthalein awaits further 
investigation. It should also be mentioned that some of the by-products 
which may be inert, both as laxatives and as activators (compare example 
N° io, Table II), may play a role as “ co-factors ” in the undisclosed 
physico-chemical mechanism of activation by bringing the activators 
into fuller play. 


Summary 

1) By extensive bioassay studies in rhesus monkeys it was confirmed 
that commercial-grade “ yellow ” phenolphthalein (Y. Pht.) has on the 
average about three times the laxative potency of U.S.P. -grade “ white ” 
phenolphthalein (W. Pht.). 

2) The unknown potency-increasing mechanism is not equally 
operative in different monkeys; the range of individual sensitivity to 
the potency-increasing factor is wide and extends from high hyper- 
susceptibility to complete refractoriness. 

3) No by-product in Y. Pht. was found to possess sufficient laxative 
potency to account for the higher potency, and no increased potency 
was obtained by administering mechanical mixtures of by-products of 
Y. Pht. with phenolphthalein or co-crystallizates of by-products and 
phenolphthalein. 

4) Only when the by-products and phenolphthalein were combined 
under certain specified conditions, preferentially by common precipi- 
tation from alkaline solution with acid, was the product found to possess 
the high potency of Y. Pht. 

5) From these experiments it is concluded that Y. Pht. obtains its 
higher potency through physicochemical activation of phenolphthalein 
by some of its inert by-products and not by a combined pharmaco- 
dynamic action of by-products and phenolphthalein. 
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A previous study (2) demonstrated that the excess potency of commer- 
cial-grade “ yellow ” phenolphthalein (Y. Pht.) over U.S.P. -grade 
“ white ” phenolphthalein (W. Pht.) is due to activation of phenolphtha- 
lein by pharmacodynamically inactive impurities of Y. Pht. and that 
the activation is an in vitro process, most likely physico-chemical in 
nature. These observations raise the question whether physical 
properties of Y. Pht. are related to its excess potency. 

Quite a number of physical properties of the two customary phenol- 
phthalein preparations have been studied by various investigators. Color, 
in which they differ most obviously, was found to be unrelated to activity. 
In the triad of physical constants, — density, melting point and solubility, 
— Y. Pht. differs very little from W. Pht. (3, 4). Indeed these parameters 
are unlikely to give any clue in the search for the mechanism of activation. 
The potency difference between precipitated and crystallized Y. Pht. (2) 
focusses attention on the physical properties of the particles of the 
powder preparations under study rather than on physical “ constants ” 
of the material. As a matter of fact, all hitherto suggested physico- 
chemical explanations of the potency difference between Y. Pht. and 
W. Pht., as enumerated previously (2), were based upon the hypothesis 
that smaller particle size is responsible for the greater potency of Y. Pht. 


( l ) For previous papers, see (i, 2). 
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In extension of this hypothesis, it has been claimed [compare (2)] 
that by certain procedures the particle size of pure phenolphthalein 
can be decreased and simultaneously the potency of the product can 
be raised to that of Y. Pht. Hypothesis and claim can now be put to 
test with the aid of bioassay of the laxative activity in the rhesus mon- 
key (1, 2). Particle size deserves study in connection with the problem 
of physical activation of a drug, because particle surface area is an 
important factor in the rate of solution. However, another property 
of the particle surface, namely, its hydro-affinity, is also of interest when 
biological activity of poorly water-soluble powders is under considera- 
tion. Therefore, both these properties of the two types of phenol- 
phthalein preparations were studied. 


Experiments 

1 . — Particle Size and Laxative Activity of Phenolphthalein Prepara- 
tions. 

In order to determine whether the activating factor in Y. Pht. is 
operative by changing the particle size, nine phenolphthalein prepara- 
tions of different median particle diameters ( x ) were studied for their 
differences in potency (see Table I). They included the specimens of 
W. Pht. (No 9) and Y. Pht. (No 1) employed in previous studies, a 
thymolphthalein-activated W. Pht. [No 3 ; for details compare (7)], and 
re-precipitation products prepared from these three preparations in 
the presence of hydrophilic “ protective ” colloids. Re-precipitations 
were performed in strict observance of a procedure claimed (6) to yield 
precipitates of particularly small particle size and high potency. 

The data in columns 4 and 5 of Table I show that there is no consistent 
relationship between median particle size and potency. The median 
particle size of Y. Pht. (No 1) is markedly smaller than that of W. Pht. 
(No 9). However, the table includes instances of much greater diffe- 
rences in particle size, which are not paralleled by corresponding 
differences in potency. For example, the highly activated W. Pht. (No 3) 
differs but little in median particle size from U.S.P. phenolphthalein 
(No 9). Likewise, considerable excess potency is embodied in the 
activated W. Pht. No 5 in comparison with the activator-free W. Pht. 
No 8, whereas in both preparations the median particle size is about 
the same; the particles of both preparations are incomparably larger 


(9 Measurements performed by Dr. E. J. Umberger. 
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Table I 

Relationship between Particle Diameter and Laxative Potency' of Non-activated and 
Activated Phenophthalein Preparations precipitated in the Presence or Absence of 
Hydrophilic Colloids (G = agar; C = gum acacia; L = gelatin). 

Activated preparations were either U.S.P. phenolphthalein co-precipitated with 1 % 
thymolphthalein (T), or yellow phenolphthalein (Y). 


Current 

Number 

Hydrophil. 

colloid 

Hydrophob. 

activator 

Laxative 

potency 

Median particle diameter 
(/*) 

Fluffi- 

| ness 

1 

' 

I 

i _ 

Y 

296 

■ 

188 

z 

G 

Y 

252 ! 

— 


3 

— 

T 

250 

— 

303 

4 

C 

T 

220 


— 

5 

L 

T 

167 


— 

6 

G 

— 

128 

MM 

— 

7 

G 

T 

125 



— 

8 

C 

— 

123 


149 

9 

— 

i 

IOO 


— 



I 

1 

i 

0 IO 20 30 

1 i 1 1 



than those of any of the other preparations. Finally, the preparations 
No. x to 5 possess an average potency of 237 and an average median 
particle size of 9.5 /x, whereas preparations No 6 to 9 possess an average 
potency of only 119 but no markedly greater particle size (average 
median : 12 /x). 

The presence of a protective colloid during the process of reprecipi- 
tation did not decrease but invariably increased particle size; the median 
particle diameter is greater in No 2, in No 8 and in No 4, 5 and 7 
than in the respective “ non-protected ” preparations No 1, 9 and 3. 
Nor did the addition of colloid result in increased potency. In the 
case of Y. Pht., and also of otherwise activated phenolphthalein, the 
colloids decreased or even abolished (No 7) the excess potency, but 
out of proportion to the increased particle size. In non-activated 
W. Pht., the colloids caused no further decrease in potency; the potency 
increase recorded is always without mathematical significance and at 
the most only 1/7 of that exhibited by Y. Pht. 
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The great majority of the particles of the colloid-protected prepara- 
tions were large globules of complex structure; they can be resolved 
optically into a great number of elementary crystalline particles which 
are embedded in an amorphous mass and are smaller than the average 
particle of W. Pht. The estimate of median particle diameter in these 
preparations relies largely on such complex formations, whereas that 
in preparations devoid of protective colloid is based predominantly on 
elementary particles. These optical details may justify the claim that 
colloid-protection decreases particle size. However, they put even more 
emphasis on the lack of relation of potency to particle fineness, since 
none of these preparations exhibited significantly increased laxative 
potency and those derived from Y. Pht. exhibited even decreased potency. 
It is true that the elementary phenolphthalein particles in all these 
preparations appear to be surrounded by a coat of colloid, which may 
decrease the process of solution in the surrounding aqueous phase by 
decreasing the rate of diffusion. This consideration is, however, not 
applicable to gelatin-protected preparations, such as No 6 and the 
colloidal phenolphthalein of Fantus and Dyniewicz (5), which lose 
their coating by digestion in the upper intestinal tract; yet these prepa- 
rations displayed decreased or only inadequately increased activity in 
the lower intestine. 

In some instances the flufiiness of the products was used as an 
additional measure of particle fineness. Fluffiness was expressed by 
the volume which 100 gm. of the powder occupied in a graduated 
cylinder after a period of shaking under uniform conditions. As 
indicated in Table I (column 6), potency was no more proportional to 
fluffiness than it was reciprocal to the median particle size. 

2. — Surface Hydro-affinity and Activity of Phenolphthalein Powders. 

The question if there is any difference between the surfaces of Y. 
Pht. and W. Pht. particles is answered by the following experiment : 
A small amount of Y. Pht. was spread on the fluid surface of a water- 
filled beaker, and a similar amount of W. Pht. on that of another beaker. 
The W. Pht. sedimented within a short time, whereas the Y. Pht. 
powder kept afloat for a long period. Since the specific gravity of 
both forms of phenolphthalein is virtually the same and in both cases 
> 1.0 (3, 4), the experiment suggests that Y. Pht. is water-repellent, 
whereas W. Pht. is readily wettable. For the crucial test, the powders 
were spread on surfaces of water containing varied concentrations of 
a wetting agent. Cetyl pyridinium chloride (“ Fixanol ”) was employed 
in ail repellency tests of this study after experiments with numerous 
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Table II 

Relationship between Sedimentation 
Rate and Laxative Potency of Phenolphthalein Preparations 



Sample 1 

W. Pht. 

Sample 2 

Y. Pht. 

Sample 3 
Activated 
Phth. P) 

1. Total weight of sample (gm) 

1.0000 

1. 0000 

1 .0000 

Amount sedimented (gm) 

0.2007 

0.0632 

0.0734 

2. W. Pht. sediment 




Sample sediment 

1.00 

3-i7 

2.74 

3. Laxative potency of sample 


2.96 


Laxative potency of W. Pht. 

1.00 

2.42 

4. (line 2) : (line 3) 

1.00 

1.08 

I.I3 


other anionic and cationic wetting agents gave essentially the same 
results. Indeed, Y. Pht. was also caused to sediment, either in a 
sufficiently high concentration of wetting agent, or even in pure water 
after a sufficiently long period of exposure which can be much shortened 
by stirring. 

Three procedures were used for comparing the water repellency of 
the phenolphthalein preparations pertinent to this study. 

1) Gravimetric measurement of the amounts sedimented after a 
predetermined time. A representative experiment of this type is 
shown in Table II. One gm. of each of two test preparations, W. Pht. 
and Y. Pht., was spread on the surface of 150 cc water contained in a 
separatory funnel; after one minute of stirring, 100 cc of the funnel 
content, containing all the sedimented powder, were drawn off from 
the bottom and filtered, and the residue was dried and weighed. All 
experimental conditions were strictly identical in the parallel experiments. 
The results confirm those of the qualitative comparisons. The expe- 
riment tabulated included a third preparation, the thymolphthalein- 
activated W. Pht. mentioned in the preceding section. More or less 
accidentally, the ratios between the sediments were reciprocally pro- 
portional to the potency ratios. 

2) Determination of the sedimentation time in varied concentrations 
of wetting agent. Beakers of equal diameter were filled with equal 
amounts of solutions containing arithmetically increasing Fixanol 


( 3 ) W. Pht. co-precipitated with 0.5 per cent thymolphthalein. 
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concentrations. Equal amounts of the test preparations were deposited 
on the surfaces of these solutions and the time ( t ) required for complete 
sedimentation in the concentration (c) of the wetting agent was deter- 
mined. Figure i presents the eft curves of W. and Y. Pht.; the curves 
were smoothed from data obtained in repeated independent experi- 
ments. In concentrations between 1.3 and 3 mgm% of the wetting agent, 
the sedimentation time of Y. Pht. 


is about 10 times that of W. Pht. ; 
at lower concentrations the dif- 
ference in sedimentation time is 
still greater. 

3) Determination of threshold 
concentration of wetting agent 
required for sedimentation. Fixa- 
nol solutions were placed in 50 cc 
beakers of 4 cm diameter. The 
test powder was spread upon the 
fluid surface from a glass spoon 
holding 5 mgm, and the minimum 
concentration of wetting agent 
necessary to cause an estimated 
90 per cent of the powder to 
sediment in 30 minutes was 
determined. 

An estimate of repellency may 
be obtained from the number of 
mg of Fixanol contained in 100 cc 
of the Fixanol solution complying 
with the above described end- 
point. This simplified procedure 
is suitable for routine estimations 
of the repellency of powders, if 
its limitations are duly taken into 
account. Values for threshold 



Minutes 
Fig. 1 

Relationship between Concentration of 
Wetting Agent and Sedimentation Time. 
Curves present the interval (in minutes; 
abscissa) from the moment of spreading 
of powder (I == pure, II = yellow phenol- 
phthalein) on surface of wetting solutions 
of varied concentration (ordinate) to the 
moment when 90 % of the powder has 
settled at the bottom. 


wetting concentration are not reliably reproducible. Rate of wetting 
varies not only with the area upon which the powder is spread and 
the amount of powder applied, but also with details of the spreading 
procedure such as height of fall of the particles from the spoon to the 
surface and their distribution over the area, with the age and history of 
the fluid surface, including the period of its exposure to the air and the 
nature of airborne impurities, and with the previous age and history 
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of the wetting solution, — to mention only some of the well-known 
factors influencing reproducibility of surface experiments. Therefore, 
only simultaneously performed parallel experiments were considered 
conclusive. 

With the aid of these three methods it was possible to examine the 
water-repellency of numerous preparations of W. Pht. and Y. Pht. of 
different origin, obtained from different manufacturers and by different 
procedures of reprecipitation, and to compare their water-repellency 
with their laxative potency in the monkey. In all instances, Y. Pht, 
exhibited greater water-repellency than W. Pht. and the repellency 
differences were about the same as those of the two specimens underlying 
the presentation in Figure i. The only exceptions were re-crystallized 
Y. Pht. preparations and Y. Pht. preparations re-precipitated in the 
presence of protective hydrophilic colloids (see preceding section), 
all of which lacked the high laxative potency regularly found in commer- 
cial or conventionally re-precipitated Y. Pht. 

Discussion 

In the search for physical characteristics which might help elucidate 
the presumably physical mechanism responsible for the activation of 
phenolphthalein in its impure commercial-grade form (Y. Pht.), Y. Pht. 
was found to differ from the pure U. S. P. -grade W. Pht. in two physical 
properties, namely, by exhibiting smaller median particle diameter and 
greater water-repellency. Which of these two physical properties offers 
the clue to the mechanism of activation of Y. Pht. ? 

Smaller particle size, if correlated with greater potency, would imme- 
diately point to a mechanism of enhanced solution in the aqueous 
biological environment as the responsible factor. Rate of solution is 
proportional to surface area, and the specific surface area grows reci- 
procally to the radius when the material is divided into spherical par- 
ticles. Indeed, the particle diameter of Y. Pht. is about 1/3, and its 
potency about three times, that of W. Pht. This would be compatible 
with the conclusion that Y. Pht. owes its greater potency to smaller 
particle size, increased surface area and consequently greater rate of 
solution in water. However, such a conclusion is opposed by a variety 
of considerations. 

1) The present study discloses that there is no consistent correlation 
between median particle diameter and laxative potency in quite a number 
of phenolphthalein preparations. 
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2) Colloidal phenolphthalein, a preparation of Fantus and 
Dyniewicz having a much smaller particle diameter than Y. Pht. and 
10 times the “ solubility ” (i. e., rate of solution) of W. Pht., was 
“ probably not more than twice as active ” as W. Pht. (5). 

3) The colloid-protected preparations used in the present study can 
also be taken as examples that a decrease in particie size does not increase 
potency; that they are composed of small elementary particles has been 
discussed above. 

4) Y. Pht. and W. Pht. do not differ in solubility (3, 4). This 
statement originates from a careful study in which differences in rate 
of solution would also have been detected. 

5) Increased rate of solution in water, the major factor that would be 
instrumental in a potency increase due to smaller particle size, is coun- 
teracted by water-repellency, the second property distinguishing Y. 
Pht. from W. Pht. This property of the particle surface indicates that 
the particles resist forming a common interface with the aqueous 
solvent and tend to maintain the air coating which they carry 
when ingested, and that a repellent phenolphthalein is certainly less 
prone than the readily wettable form to dissolve in an aqueous 
environment. 

All these considerations oppose the assumption of a correlation 
between potency of phenolphthalein preparations and their solubility, 
or solution rate, in an aqueous solvent. Rather, phenolphthalein 
provides another example that the process of solution of a drug in its 
aqueous environment is not an indispensable prerequisite for its transfer 
to the site of action and that its water-solubility is not a decisive factor 
in this transfer. 

The failure of the difference in particle size to give a clue to the 
mechanism of activation of Y. Pht. reverts attention to the other pro- 
perty in which W. and Y. Pht. were found to differ. The data presented 
herein indicate that all Y. Phts. exhibiting the full excess activity inherent 
in the commercial preparation differ from W. Pht. by decreased hydro- 
affinity of their particle surface, whereas even maximally decreased 
particle size of W. Pht. does not grant such a degree of excess potency. 
However, more data are required in order to exclude the possibility 
that repellency is merely coincident with activation but not involved 
in the mechanism of activation. Such data will be reported in a sub- 
sequent paper (7). 


9 
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Summary 

1) In the search for physical properties of phenolphthalein which 
may serve to explain the mechanism of activation of “ yellow phenol- 
phthalein ” responsible for its laxative superiority to pure “ white 
phenolphthalein ”, two properties of the powder particles were found 
in which the two forms differ, namely, median diameter and surface 
hydro-affinity. 

2) The median particle diameter of Y. Pht. is smaller than that of 
W. Pht. 

3) The particles of W. Pht. are readily wettable whereas those of 
Y. Pht. are water-repellent. 

4) Precipitation of W. Pht. in the presence of hydrophilic protective 
colloids, a procedure claimed to yield products of smaller size and 
greater laxative activity, was found to decrease the potency of Y. Pht. 
and not to increase that of W. Pht. The products were found to be 
precipitated in large diphasic globules containing elementary phenol- 
phthalein particles of decreased size. 

5) Neither particle fineness nor increased surface area was found to 
be responsible for the increased laxative potency exhibited by Y. Pht. 

6) The relationship between water-repellency and activation requires 
further investigation. 
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The relation between hyperglycemia and acid-base equilibrium of 
blood is regarded to be of interest from several points of view; such as, 
physiologic state of hunger, intermediary carbohydrate metabolism in 
physiological and pathological states as diabetes, as well as, narcosis 
and surgical shock. Since the literature concerning this subject has 
been adequately reviewed by Markees and Menczer (1946), it will 
suffice here to go into it only as far as it concerns the narrow scope of 
this paper. 

A few years ago, one of us (TerzioSlu, 1945) observed a large pro- 
duction of red blood corpuscles and hemoglobin in rabbits that were 
fed on the acid diet of oats. That this diet produces an acidosis in 
rabbits, as characterized by a drop in urine pH and alkali reserve, had 
previously been demonstrated by Kuriyama (1918) and Beckmann 
(1922). In our experiments also, we noted a very large drop in urine 
^H, from the normal of around 8.9 to 4.2, during the first week or so 
on the acid diet. This early period was termed by us as the “ minimum- 
pH phase.” However, subsequent to this initial lowering, the pH of 
urine varied between 7-8.5 for the remainder of the experimental 
period and was thus designated as the “ adaptation-phase ”. The 

mmimum-pH phase ” was most probably of dietary origin, while 
the succeeding period was attributed to possible migration of alkaline 
substances from the tissues into the blood stream. 

Using the urine pH changes as an index of the alterations in acid-base 
equilibrium of blood, we attributed the regeneration of blood, as 
observed under our experimental conditions, to the stimulation of bone 
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marrow by the increase of H-ions in blood stream; an interpretation 
analogous to that of Winterstein for the stimulation of the respiratory 
center. In view of these earlier results, we investigated the effect on 
blood regeneration in rabbits of glucose acidosis, such as had been 
induced by Markees and Menczer (1946). The results of these 
experiments are separately reported in this journal (Terzio6lu, 1949). 

Markees and Menczer (1946) investigated the effect of injections of 
glucose, or of glucose supplemented by the administration of organic 
acids, upon the alkali reserve of rabbits. Since their results dealing with 
injections of glucose plus organic acids do not concern us here, we will 
limit ourselves to a discussion of their experiments with glucose solutions 
only. They injected starved rabbits with 50 % glucose solution, in 
doses containing 2 grams of glucose per kilo of body weight, delivered 
twice at a 2-hourly interval. The alkali reserve was determined before 
and at various intervals, ranging from 60 to 345 minutes, after the 
injection of glucose solution. In all cases they found a decrease in 
alkali reserve which, however, was highly variable, differing from the 
pre-injection starvation values by 1.9 to 30 vols % C 0 2 . According 
to these authors, the intermediary products of glucose breakdown, such 
as, pyruvic and acetic acids, are bound by alkali reserve, thus bringing 
about a reduction in its value. Thus, if pyruvic and acetic acids in 
moderate doses are administered orally to starved or “ glucose-loaded ” 
rabbits, there is a distinct fall in alkali reserve, accompanied by a pro- 
nounced hyperglycemia. On the other hand, the administration of 
lactic acid even in high doses produces only a mild hyperglycemia and 
a very small reduction in alkali reserve. Furthermore, the increase in 
pyruvic acid of blood following glucose administration has been proved 
by Bueding et al. (1942) in dogs and by Klein (1942) in normal men. 

That subcutaneous or intravenous administration of glucose solutions 
brings about a decrease in alkali reserve as well as a reduction in urine 
pH had previously been noted by Wymer (1926) in 3 rabbits. For 
injections, he used a physiological glucose solution (equimolar glucose 
in physiological salt solution) and noted that even after 24 hours the 
urine was still acid. However, on injection of the same solution to 
normal men, no change in alkali reserve was observed while the urine 
was found to be alkaline. On the other hand, Campbell and Maltby 
(1928) obtained a reduction in alkali reserve in man upon the administra- 
tion of levulose. Both workers attributed the alkali reserve lowering 
effect of these monosaccharides to their breakdown into lactic acid, 
which when injected in high concentrations is not rapidly used up but 
is bound with the alkali. 
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Thus it is evident that whether it is lactic acid or pyruvic and acetic 
acids which cause the acidosis subsequent to glucose administration, 
the decrease in alkali reserve is brought about by an increase in the 
intermediary acid products of glucose metabolism. Therefore, for our 
purposes this type of physiological acidosis seemed to be a suitable 
one for further search into the regeneration of blood as brought about 
by the effect of H-ions on the bone marrow. 

The purpose of the present article was to investigate the effect of 
the concentration of glucose solution and its dosages employed by us 
in our regeneration experiments, on the extent and duration of change 
in alkali reserve, as well as, on the blood sugar level, urine and blood 
pH values. 


Material and Methods 

The 17 rabbits used for these experiments were of 1950 to 2800 grams 
in body weight and had been raised on the standard laboratory diet of 
vegetables and wheat bran. They were placed in separate metabolism 
cages for collection of urine and were starved for 15 to 24 hours prior 
to experimentation, as well as, throughout the course of the experimental 
period. Six of the rabbits (nos. 2 to 7) were experimented upon twice, 
once as a control without the injection of glucose and a few weeks later 
following the glucose administration, thus offering a better basis for 
comparison. 

The sequence of experimentation was as follows : About 4-5 ml of 
blood was withdrawn from the ventricle of the animal, laid and fixed 
on the operating board in a supine position; most of the blood in the 
syringe was immediately emptied into a centrifuge tube containing a 
very slight amount of liquoid in powder form while the remainder 
was placed in a second tube to be used for blood sugar determinations. 
In the experiments where blood pH was also determined, the hydrogen 
electrode was previously filled to nearly half with isotonic-salt solution 
and hydrogen, and the necessary amount of blood was emptied into 
the electrode and mixed with the solution therein. The animal was 
then injected subcutaneously with 25 or 50 % glucose solution, in doses 
containing 2 grams of glucose per kilo of body weight, and the blood 
withdrawl was repeated at the intervals indicated in tables I and II. 

The strength of the sterile glucose solution mostly employed by us 
was half of that used by Markees and Menczer, though the dose of 
glucose administered in a single injection was the same. The reason 
for the preference of a more dilute solution was to overcome, or at 
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Table I 

The results on control and experimental rabbits of March-May series, injected with 25 % 
or 50 % glucose solutions in doses containing 2 grams of glucose per kilo of body weight 


1 

Animal 

Experimental 

i 

Blood 

Alkali 

Urine 

no. 

conditions 

sugar 

reserve 




(mg %) 

(vols % CO a ) 

pH 

1 

Starved for 24 hrs. 

IOO 

48.4 

8.68 


Glucose (50 %), 3 hrs. 

170 

44-5 



5 hrs. 

105 

46 

7-3i 

2 

Starved for 24 hrs. 

I IO 

47-4 

8.8 S 


Glucose (50 %), 2 hrs. 

193 

46.9 



4 hrs. 

213 

43-2 


2 c 

Starved for 15 hrs. 

104 

Si 

8.44 


3 hrs. 

108 

SO-4 



6 hrs. 

124 

48 



24 hrs. 

104 

48 


3 

Starved for 15 hrs. 


57 

8.92 


Glucose (50 %), 4 hrs. 


48.7 

8.71 


24 hrs. 


52.4 

7-75 

3 C 

Starved for 15 hrs. 

96 

55-5 



3 hrs. 

97 

55-5 



6 hrs. 

96 

52 



24 hrs. 

no 

54 


4 

Starved for 15 hrs. 

105 

56 

8.89 


Glucose (25 %), 3 hrs. 

140 

50.8 



6 hrs. 

162 

44 



24 hrs. 

io 5 

51.6 

1 

8.89 0 

4 c 

Starved for 15 hrs. 

121 

S3 

8.45 


3 hrs. 

121 

S3 



6 hrs. 

124 

52-7 



24 hrs. 

121 

53 

7-i3 

5 

Starved for 15 hrs. 

106 

S3 



Glucose (25 %), 4 hrs. 

153 

43-5 



6 hrs. 

136 

46 


5 C 

Starved for 24 hrs. 

IO9 

56 

8.8 


3 hrs. 

137 

49 

8.66 


6 hrs. 

i°5 

55 

8.52 

6 

Starved for 15 hrs. 

105 

55 

8-73 


Glucose (25 %), 3 hrs. 

145 

55 



6 hrs. 

ns 

5i 



24 hrs. 

105 

56 

6.7 









( x ) Urinated shortly after feeding. 
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Table I (continued) 


Animal 

no. 

Experimental 

conditions 

Blood 
sugar 
(mg %) 

Alkali 

reserve 

(vols % C 0 2 ) 

Urine 

pH 

8 C 

Starved for 24 hrs. 


5 i 



3 hrs. 

Hap < _ 

55 



6 hrs. 

Hot 

50.5 

9.02 

9 C 

Starved for 24 hrs. 

136 

55 

8-54 


3 hrs. 

131 

54-5 



6 hrs. 

129 

55 

8-73 

xo C 

Starved for 24 hrs. 

129 

42.5 



3 hrs. 

133 

42 

8.66 


6 hrs. 

124 

48 



24 hrs. 

J 33 

43 



least to reduce, the irritating effect on the subcutaneous tissues of a 
strong hypertonic solution in our long-term regeneration experiments. 
However, in a few experiments we employed a 50 % glucose solution 
to see whether a more concentrated solution would have any different 
effect on the lowering of alkali reserve. Since for a long period of 
four weeks in our regeneration experiments we delivered daily injections 
of the above dose of glucose, it was also necessary to determine the 
duration of glucose acidosis. For this reason, in some of the animals 
we made determinations on blood samples obtained for as long as 24 hours 
after the glucose injections. 

Since some of the control rabbits in our regeneration series were 
injected with an equimolar sucrose solution (47.5 %) in an amount 
equivalent to the volume of glucose solution administered to experi- 
mental animals, in the present experiments we sought the effect of this 
di saccharide on the alkali reserve of two rabbits. 

The alkali reserve of plasma was determined by the Van Slyke 
manometric method, using 1 ml of plasma, on two samples of the same 
blood. The difference between the two determinations did not exceed 
0.5 to 1 vols % C 0 2 . For the saturation of plasma with C 0 2 , Van Slyke 
advises alveolar air or 5.5 % C 0 2 -air mixture obtained from a tank. 
We employed for the same purpose an apparatus especially devised by 
Van Slyke, Wu, and McLean (1923) for delivering a known quantity 
of gas into a tonometer by means of pressure read on a manometer 
(cited in Peters and Van Slyke, 1932). Thus in our experiments, the 
partly evacuated system, including the tonometer, was filled with 40 mm 
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of C 0 2 pressure, and air was then admitted until the pressure was 
raised to atmospheric. The tonometer then containing approximately 
5.5 % C 0 2 -air mixture was rotated for nearly five minutes by an auto- 
matic rotator to insure complete saturation of plasma with C 0 2 . 

The blood sugar level was determined also on two samples by the 
Hagedorn- Jensen method. For the detection of sugar in urine 
Benedict’s qualitative test was used. 

Blood and urine pYi values were determined electrometrically by the 
hydrogen electrode. In order to decide whether repeated blood with- 
drawl caused hemoconcentration, the serum refractory index was esti- 
mated by the Pulfrich refractometer. 


Results 

In 9 out of ix rabbits injected with 2 grams of glucose per kilo of 
body weight out of a 25 % glucose solution, there was a lowering of 
alkali reserve, varying between 3.5 to 12 vols % C 0 2 in range, within 
3 to 6 hours following the glucose injection (Tables I-II). Accompa- 
nying this fall in alkali reserve was a pronounced hyperglycemia, whose 
highest peak in the majority of animals, coincided with the lowest 
alkali reserve value. The two exceptions were nos. 6 and 14. In rabbit 
no. 6 (Table I), 3 hours after the glucose injection, the alkali reserve 
value showed no change while the blood sugar level was at its highest 
peak; 6 hours later, however, the blood sugar level returned to practi- 
cally normal, by which time the alkali reserve had reached its lowest 
limit. 

The drop in alkali reserve and the extent of hyperglycemia of the 
three rabbits (nos. 1-3, Table I) injected with 50 % glucose solution 
were not any different from those injected with a solution of half the 
strength, since the dosage of glucose administered in both cases was 
the same. 

In order to determine the duration of acidosis, determinations were 
made at 24 hours after the glucose administration in five of the rabbits 
(nos. 3, 4, 6, 7, 14). It was found that in 3 rabbits acidosis still persisted 
while the blood sugar level was normal. In no. 6 (Table I) both alkali 
reserve and blood sugar values had returned to normal while in no. 7 
(Table II) alkali reserve was largely increased, the difference from the 
initial value being 9 vols % C 0 2 . 

The two rabbits which responded to glucose injections with an increase 
in alkali reserve were nos. 12 and 15 (Table II). This is especially 
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Table II 

The results on control and experimental rabbits of July series, injected with 25 % glucose 
solution in doses containing 2 grams of glucose per kilo of body weight, and on the two rabbits 
injected with 47.5 % sucrose solution (4 ml per kilo of body weight) 


I 

\nimal i 
no. j 

l 

Experimental 
conditions 1 

1 

Blood j 
sugar 
(mg %) 

Alkali 

reserve 
(vols % CO a ) 

Blood I 
pH 1 

Urine 

pH 

6 C 

Starved for 15 hrs. | 

100 ' 

\ 

63-55 | 

7-43 

8.43 

' 

: 3 hrs. j 

IOI 

51-5 

7-50 



7 hrs. ' 

102 

53 

7-53 



1 24 hrs. 

I i 

100 

» 

52.6 

7.48 

8.76 

7 

5- 

Starved for 15 hrs. j 

IOI 

32.6 

7.28 

8.47 


Glucose (25 %), 3 hrs. j 

122 

30.1 

7-25 



6 hrs. 

156 

25.8 

6.91 



24 hrs. j 

roo i 

1 

41.6 

7-44 


7 C 

Starved for 15 hrs. ' 

I 

120 

28.5 

■ 

8-33 


3 hrs. : 

150 

33-4 




6 hrs. 1 

133 

35 

y ,:,. 


1 

24 hrs. 

122 

35-3 



II c , 

Starved for 15 hrs. | 

106 

23-7 

7-15 

7-95 

1 

3 hrs. i 

103 

30.7 

1 7.23 



6 hrs. 1 

t 

102 

l 30 

1 7-23 



24 hrs. 

105 

25-7 ! 

I 

7.18 

1 


1 

12 

Starved for 15 hrs. j 

125 

1 

t 22.7 

7-15 


» 

Glucose (25 %), 3 hrs. 1 

150 

; 32 

7-30 

1 

— - 1 

6 hrs. j 

263 

1 32.4 

1 

| 7-19 

1 

1 

!' 

J 3 ! 

Starved for 15 hrs. J 

US 

! 42.5 

I 

1 7-24 

' 8.01 

1 

Glucose (25 %), 3 hrs. | 

130 

, 39 

7.04 

\ 

1 

j 

' 

6 hrs. ! 

1 16 

I 39 

1 

7 .i 6 

1 

1 

1 

14 

Starved for 15 hrs. 

125 

1 

i 36.5 

1 1 r . rr... 

J 7-39 

| 


Glucose (25 %), 3 hrs. i 

138 

| 34-6 

1 7-4i 

1 

1 

6 hrs. 

183 

1 33-5 

j 7-4i 

I 

» 

» 

— _J 

24 hrs. 

120 

j 32-7 


; 

1 

15 1 

Starved for 15 hrs. | 


1 26.2 

7-M 

7.91 


Glucose (25 %), 3 hrs. 1 


! 29.3 

7-30 



6 hrs. 


30-3 

1 

7-37 

; 7.80 

16 

Starved for 14 hrs. 


'! 

! 52.9 



! 

1 Sucrose (47.5%), 2 hrs. 


1 52.9 




41/2 hrs. 


59-7 




61/2 hrs. 


52-3 



17 

Starved for 15 hrs. 


47.0 

j 



Sucrose(47. 5 %), 2 hrs. 


54-5 

j 



4 hrs. 


5i-9 

l 



> 61/2 hrs. 


55-7 

i 
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surprising in the case of no. 12, since its blood sugar level 6 hours 
after injection was over twice that of the pre-injection value (Table II). 
Moreover these two animals, as well as nos. 13 and 14 (Table II) in 
which the fall in alkali reserve was only around 3.5 vols % C 0 2 , were 
experimented upon during the very hot month of July. The great 
variability in our regeneration experiments also carried on during this 
period offer an interesting corollary to these results and will be later 
discussed. 

With the exception of one rabbit (no. 6), no trace of sugar was detected 
in urine of animals injected with glucose. The amount of sugar in 
the 24-hour urine sample of no. 6 corresponded approximately to 0.5- 
1 gram per liter, as estimated by the Benedict qualitative test. 

Of the 10 control rabbits, four (2 C, 3 C, 5 C, 6 C) responded with 
a decrease in alkali reserve, varying in range from 3-6 vols % C 0 2 , 
four (7 C, 8 C, 10 C, 11 C) with an increase, of 4-6.5 vols % C 0 2 in 
range, while the remaining two (4 C, 9 C) showed no deviation from 
the initial values. A slight hyperglycemia accompanied the drop in 
alkali reserve observed in rabbits 2 C and 5 C (Table I) and may have 
been of excitatory origin; but inspite of the finding that the blood sugar 
level of rabbit no. 6 was most constant, its alkali reserve values showed 
a very large deviation from initial, lasting for as long as 24 hours after 
the injection. We are unable to explain this finding and very hesita- 
tingly attribute it to probable technical error in the determination of the 
initial value. 

Though the increase in alkali reserve of the four control rabbits 
varied between 4-6,5 vols% C 0 2 in range, the blood sugar level of all 
but one was practically the same as the initial values (Tables I and II). 
The considerable hyperglycemia of rabbit 7 C (Table II) may have 
been brought about by excitation on blood withdrawl. 

The two rabbits injected with sucrose both responded with an increase 
in alkali reserve, 2 to 4.5 hours after the injection (Table II). Six 
and a half hours later alkali reserve returned to normal in one (no. 16) 
while was still further augmented in the second (no. 17). 

Although urine />H would be a further index of the onset and pro- 
gress of acidosis, it was considered wise not to try to obtain urine by 
catheterization from these animals, since in due excitement both the 
blood sugar and alkali reserve values might be altered. We therefore 
had to wait until they urinated. Since they were exempted from food 
and since their body water was lowered by repeated blood withdrawl, 
they sometimes did not urinate until a few hours after food was offered. 
Unless they urinated within the starvation period, urine was discarded, 
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and for this reason, no values for urine pH during the experimental 
period are given for some of the animals. Of the five rabbits whose 
urine could be collected, urine pH was distinctly lowered in nos. 1, 3, 
and 6 (Table I), and was unaltered in nos. 4 (Table I) and 15 (Table II). 
Although the second urine sample of no. 4 was collected shortly after 
feeding, one may still doubt as to whether it may include any of the 
alkaline substances introduced by food. 

Of the four controls urine pH was unchanged in three (5 C, 6 C, 
9 C) while in no. 4 it was very much lowered. This is a curious 
finding since the same animals which previously had been injected 
with glucose showed no alteration in urine pH (see no. 4, Table I). 
Furthermore it cannot very well be attributed to acidosis of hunger, 
since the alkaline reseve values of this animal are most regularly 
constant. 

The blood pH was determined only in animals that were experimented 
upon during the month of July, when the decrease in alkali reserve 
was either not as marked as in the previously experimented rabbits or 
was most irregular. Of these five, the blood pH was very much lowered 
in no. 7, from 7.28 to 6.9, during 6 hours, at which time the drop in 
alkali reserve was similarly marked. Twenty-four hours following the 
glucose injection, the values for both alkali reserve and pH rose to far 
above the initial figures (Table II). Beside this one animal, both the 
alkali reserve and blood pH were diminished in no. 13 (Table II), 
as a result of glucose injections. Of the remaining three rabbits, there 
was an increase in blood pH accompanied by an augmentation in alkali 
reserve in rabbits 12 and 15, while in rabbit 14, the pH staid nearly 
the same, the alkali reserve being decreased by only about 3 vols % C 0 2 
during the six hours following the glucose injection. Although the 
number of experimental animals is too few to warrant a definite con- 
clusion, the results indicate that the acidosis so produced may be of 
an uncompensated type. 

Of the three control rabbits in which the blood pH was also measured, 
both the blood pH and the alkali reserve were augmented in nos. 7 C 
and 11 C (Table II). In no. 6, however, the blood pH varied very 
insignificantly while the alkali reserve was greatly diminished. This 
finding may be of a confirmatory nature for our afore-mentioned doubt 
that the high initial value for alkali reserve of this rabbit may possibly 
be due to an error in the determination. 

The values for serum refractory index in both the control and the 
experimental animals were too variable to render a definite conclusion. 
In some, blood became more dilute and in others more concentrated 
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as blood was withdrawn at the indicated intervals. For this reason 
these values for the serum refractory index are not included in the 
tables. 


Discussion 

The results of these experiments indicate that injections of a 25% 
glucose solution, in doses containing 2 grams of glucose per kilo of 
body weight, to starved rabbits bring about a lowering of alkali reserve, 
whose lowest level generally corresponds to the highest peak of hyper- 
glycemia. It was found further that in some animals this drop in 
alkali reserve persisted for as long as 24 hours after the glucose injections. 
The results on the whole confirm those of Markees and Menczer (1946), 
who investigated the effect of glucose injections on alkali reserve only. 
The extent of its diminution was broader in their than in our series of 
experiments. This could be expected since they administered two 
consecutive injections of the same dose as employed by us. Inspite of 
this, however, the range of variation in the decrease of their alkali 
reserve values was more extensive than in ours, being 1.9 to 33 vols 
% C 0 2 , as compared with 3.5 to 12 vols % C 0 2 of our results. 

Unfortunately the alterations in urine pH could not be investigated 
in all of the rabbits, due to their abstinence from urination during the 
experimental period of starvation when body water may have been 
decreased by repeated blood withdraw! . However, the simultaneous 
determinations of serum refractory indices did not render any clue as 
to the change in body water, since blood appeared to be diluted in some 
rabbits while concentrated in others. 

In three out of four animals in which the alkali reserve was reduced 
urine pH was also lowered, but no such parallelism could be established 
for the fourth (no. 4, Table I). Since the urine of the latter animal 
was collected shortly after feeding, some doubt is raised as to whether 
it may include any of the alkaline substances present in the food ingested. 
Thus the results on these few animals indicate that glucose injections 
not only lower the alkali reserve but also bring about a change in the 
reaction of urine towards acidity. This finding is in accord -with that 
of Wymer (1926) who on the administration of a physiological glucose 
solution to three rabbits, similarly observed a reduction in both the 
alkali reserve and the urine pH values. In our long-term regeneration 
experiments, we found no change in urine pH as a result of daily injec- 
tions of the same concentration of glucose solution. At first sight, 
this might seem to be in contradiction to results in the present experi- 
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merits; but when one considers that the experimental conditions in 
the two series are not really comparable on account of feeding in the 
regeneration series, this discrepancy may well be overruled. Upon the 
introduction of alkali-rich food, such as vegetables, into the organism, 
alkaline substances may enter into the composition of urine thus raising 
its reaction towards alkalinity. 

The changes in acid-base aquilibrium of blood as a result of glucose 
or levulose injections have been attributed by various workers to the 
accumulation in blood of various organic acids, that are the intermediary 
breakdown-products of these carbohydrates. For example, Markees and 
Menczer (1946) attribute it to the presence of pyruvic and acetic acids 
while Wymer (1926) and Campbell and Maltby (1928) believe that 
the breakdown of glucose or levulose, respectively, to lactic acid is the 
real cause of acidosis so brought about. Although we are inclined 
to accept the explanation of Markees and Menczer (1946) in regard 
to the underlying cause of glucose acidosis, we nevertheless believe 
that further experimentation along this line is necessary. 

The blood also investigated in a few glucose-injected animals 
generally revealed a diminution, accompanying the fall in alkali reserve 
values. This finding demonstrates that glucose acidosis is most 
probably of an uncompensated type. 

The results of our experiments carried on during the hot month of 
July are highly variable and inconsistent. The alkali reserve and blood 
values are either very little decreased or even increased as a result 
of glucose injections. This finding is of utmost importance to the 
explanation of our regeneration series carried on during the same hot 
summer days, when unlike the previous experimental animals, the 
rabbits injected with glucose failed to respond with an augmentation 
in blood volume and erythrocytes. If the regeneration of blood under 
these conditions is to be attributed to an increase in H-ions, then this 
discrepancy between our July regeneration series and those carried on 
during other seasons can be explained by the difference in glucose 
metabolism in the two sets of experimental animals. The excessively 
high environmental temperature may have so lowered the metabolic 
state of the animal, that the injected glucose may be directly converted 
into glycogen, instead of its breakdown into intermediary acid products 
as in the other series of animals. 

Our results on control animals demonstrate that on the whole alkali 
reserve values of rabbits are very unstable; since under starvation, equal 
numbers reacted to blood withdrawl by either increase or decrease, while 
m only two out of ten animals, was there no variation from the initial 
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values. This can be attributed to constitutional differences, since all 
other conditions were alike. The blood pH of controls as of that of 
glucose-injected rabbits seemed to vary in the same direction as the 
alkali reserve. The fact that with small variations in alkali reserve 
blood pH is also altered, proves that the buffering capacity of rabbit’s 
blood is rather weak and is unable to overcome even small changes in 
acid-base equilibrium. 

The normal or initial alkali reserve values of rabbits in the series 
vary from 22.7 to 63.5 vols % C 0 2 , the majority lying between 50-60 vols 
% COo. This high variability in the normal range has also been noted 
by other workers in literature. Thus Zunz and Crascinescu (1938) 
noted that alkali reserve of normal rabbits varied between 39.5 and 
57.5 vols % C 0 2 , and according to Markees and Menczer (1946), it 
varies between 21.72 and 54.88 vols % C 0 2 , the majority lying with- 
in a range of 35-45 vols % C 0 2 . 

Injections of an equimolar sucrose solution to two rabbits raised the 
alkali reserve of blood. Our experiments dealing with the fate of this 
carbohydrate in the organism have substantiated those of others in 
that the greatest amount of the injected sucrose is excreted in urine 
(Terzioglu and Eroz : this journal). Since the blood glucose level 
did not alter appreciably as a result of sucrose injections (Terzioglu 
and Eroz : this journal) and since no decrease in alkali reserve has been 
observed in the present experiments, it is unlikely that the remaining 
sucrose is split into glucose and may possibly be conserved in tissue 
fluids, such as has been postulated for the dog by Power and 
Keith (1936). 


Summary 

1) Injections of a 25 % or a 50 % glucose solution, in doses containing 
2 grams of glucose per kilo of body weight, to starved rabbits brought 
about a reduction in alkali reserve, varying between 3.5 to 12 vols % 
C 0 2 in range. This diminution of alkali reserve was accompanied by 
hyperglycemia whose highest peak generally corresponded with the 
lowest alkali reserve value. In seme of the animals, the alkali reserve 
values remained at a low level 24 hours after the glucose injection, 
though the blood sugar level was, by that time, reduced to the pre- 
injection value. 

2) In three out of four animals in which the urine reaction was also 
investigated, the decrease in alkali reserve values was accompanied by 
a lowering of the urine pH. 
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3) The simultaneous reduction of alkali reserve and blood pH values 
in some of the glucose-injected rabbits revealed that the acidosis so 
brought about may be of an uncompensated type. 

4) The data on the alkali reserve and blood pH values of rabbits 
experimented upon during the hot month of July are highly variable and 
inconsistent, when compared with those of March-May series. Both the 
alkali reserve and blood pH values are either decreased to a very minor 
extent or are even increased upon the glucose administration. Inspite 
of this variability among the blood pH and alkali reserve values, the 
existence of a high level of hyperglycemia indicated that due to the 
probable lowered metabolic state of the animals during the hot season, 
the administered glucose is directly converted to glycogen for storage 
and not broken down to its intermediary acid metabolic products. 
Therefore no acidosis has been observed in the majority of animals 
of this series. 

5) Injections of an equimolar sucrose solution (47.5 %) to two rabbits 
had no lowering effect on the alkali reserve values. This finding 
substantiates our conclusions in the succeeding article (Terzioglu and 
Eroz : this journal) that the small amount of sucrose remaining in the 
organism following its subcutaneous delivery is not split into glucose 
and therefore does not provoke any acidosis. 
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The majority of workers in literature who have concerned themselves 
with the problem of the fate of sucrose in the organism, believe that 
this disaccharide when delivered intravenously or subcutaneously is 
either totally or largely excreted in urine. For this reason, a solution 
of sucrose equimolar to that of glucose, employed by us in our regene- 
ration experiments, seemed to be a suitable control for our experimental 
animals (Terzioglu : this journal). However, since some increase in 
blood volume as well as in the number of erythrocytes and hemoglobin 
concentration was also obtained subsequent to injections of sucrose 
solutions, it seemed necessary to investigate the fate of this carbohy- 
drate in rabbit, in order to be able to account for the observed changes 
m blood. Before giving an account of our experiments along this line, 
the literature on this controversial problem will be reviewed. 

Early in 1897, Voit observed a quantitative excretion of sucrose and 
lactose upon the subcutaneous administration of these disaccharides 
into young rats. Later Weinland (1905) noted that following the 
injections of cane sugar to young rats, invertin developped in blood. 
This finding was confirmed by Abderhalden and Kapfberger (1910) 
who found that serum or plasma of dogs, injected subcutaneously or 
intravenously with sucrose, splits not only cane sugar but milk sugar 
as well. According to their results, sucrose is excreted in urine 7-8 hours 
following its subcutaneous administration, but only 15 minutes after 
its intravenous delivery. Using improved polarimetric and reduction 
methods in 1932, Abderhalden and Buadze re-attacked the problem 
and noted that upon the parenteral administration of cane sugar, invertin 
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was found both in serum and urine. However, the effect of this 
ferment on milk sugar was not confirmed. Other workers (Fine, 1930; 
Berg, 1932), however, denied the formation of sucrose-splitting enzyme 
upon subcutaneous and intravenous injections of this sugar. The 
former author, who also investigated the excretion of sucrose, observed 
that not all of it was recovered in urine following its administration. 
Inspite of this finding, he concluded that the body deals with injected 
sucrose by its quantitative excretion in urine, since subsequent to its 
injections no change in serum reducing power was observed, and traces 
of reducing sugars were rarely present in urine. In a series of papers 
concerning kidney function, Keith, Power, and co-workers (1932; 
1935 a\ 1935 b\ 1936; 1937) investigated the fate of intravenously 
injected sucrose in dogs and in man. They found that following the 
intravenous injections of sucrose to normal men, the amount excreted 
in urine was more or less quantitative, varying in range from 89-98 % 
in the various subjects investigated. Twelve to twenty-four hours 
after the injections, urine as well as plasma was free of sucrose. They 
further noted (Keith, Power, and Peterson, 1935 a) that the recovery 
in urine during a definite period after the injection was constant and 
paralleled the simultaneously determined value for the plasma sucrose 
clearance. In patients with renal insufficiency, both the excretion of 
sucrose in urine and its diminution in blood were delayed, sucrose 
being still detected in urine for as late as 72-96 hours following its 
injection, although the total amount recovered was in the same range, 
88-99 %> as normal men (Keith, Power, and Peterson, 1935 b). 
Based on these results, the authors concluded that the human organism 
is unable to attack the intravenously delivered sucrose and deals with 
it by its excretion in urine. However, the case was found not to be 
the same for the dog (Power and Keith, 1936). Since only 70-80 % 
of the injected sucrose appeared in urine and since the reducing sugar, 
largely levulose, was found in considerable amounts in urine, the authors 
concluded that inversion really takes place in this animal. Moreover 
upon the injection into dogs of large amounts of more concentrated 
solutions of sucrose, it was found in considerable quantities in all tissues 
examined, being especially concentrated in the liver and kidney. 

The quantitative recovery of the injected sucrose 24 hours after its 
administration to normal men has been noted by Lavietes, Bourdillon, 
and Klinghoffer (1936). 

It is evident from this brief review of literature that most workers 
agree on the excretion of the large part of intravenously or subcutaneously 
injected sucrose, but no definite conclusion can be reached as to that 
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small quantity remaining in the organism. Since some stimulating 
effect of sucrose, similar to that of glucose, was observed in our regene- 
ration experiments, we performed the following experiments in order 
to decide as to whether this remaining portion might be hydrolyzed 
into glucose. 


Material and Methods 

Altogether 11 rabbits were used, but nos. 30 and 31 were experimented 
upon twice in order to investigate as to whether any invertin would 
develop as a result of single injections of sucrose. Therefore 13 expe- 
riments are reported. 

Rabbits which had been starved for 15 hours were injected with 
4 ml per kilo of body weight of sucrose solutions, varying from 10 to 
39 % in concentration. This fluid amount was chosen in order to 
correspond to that of the glucose solution administered. The quantity 
of sucrose in urine was determined polarimetrically, after de proteini- 
zation of urine with 30 % lead acetate. In order to avoid glycolysis 
of sucrose, determinations were made immediately after urination, 
when possible. A crystal of thymol was placed in the cup when urine 
had to be collected over-night. Determinations were made on the 
various samples obtained subsequent to injections until no trace of 
sucrose was detected in urine. At the same time, the presence of 
glucose in urine was sought by the Benedict qualitative test. 


Results 

In io out of 13 experiments, 80-100 % of the injected sucrose was 
recovered in urine while in the remaining three (32, 30, 37) only 75, 67.8, 
and 70.5 % of sucrose was excreted, respectively (Table I), No 
difference was observed in the percentage quantities of sucrose excreted 
between animals injected with more (35-39 %) than with less concen- 
trated (10-16 %) solutions of sucrose. The search for reducing sugar 
in urine yielded negative finding, while the blood glucose in the majority 
of animals revealed slight variations above or below the initial values. 
In two animals (nos. 36 and 38) practically no change in blood sugar 
level was observed as a result of sucrose injections. This is under- 
standable in the case of no. 36 which excreted the total amount of the 
sucrose administered, but not in no. 38, that retained over 16 % of 
this disaccharide. 
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Table I 

The blood sugar level and the amount of sucrose in urine of rabbits injected with 47.5 % 
sucrose solution ( 4 ml per kilo of body weight) 
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Ani- 
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j injection 
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1 injected 
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1 

! 
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| 
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Table I (continued) 
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The deviations from the initial in blood sugar values of the other 
experimental animals was either in the nature of an increase, such as 
was observed in 6 (nos. 31a, 32, 31 b, 33, 34, and 35) or a temporary 
decrease succeeded by an augmentation, as was evident in five of the 
rabbits (nos. 30a, 37, 306, 39, and 40). The maximum extent of 
variations in blood sugar level of these animals lay within 20-30 mg% 
above or below the initial values. However, when these variations 
are compared with those of control animals in our other set of 
experiments (Eroz and Terzioglu : this journal), they seem to 
be within the normal range of variability, though the frequency of 
variation is larger in the present than in the other series of experiments. 
No correlation is to be observed between these changes in blood sugar 
level and the amount of sucrose retained in the organism. 

In two rabbits (30, 31) the same procedure was repeated ten to twelve 
days later in order to find out whether any invertin had developped 
during the interval. In one animal (316), the amount of sucrose 
excreted and the alterations in blood sugar level were nearly the same as 
previously (31a) while in the second (306) nearly 30 % more sucrose 
than formerly was retained in the organism. 

Discussion 

The results of our experiments on the fate of subcutaneously injected 
sucrose into rabbits indicated that 80-100 % of it, irrespective of the con- 
centration of solutions employed, may be recovered in urine 24-40 hours 
after its administration. Since the variations in blood sugar level are 
of too small a magnitude to suggest the hydrolysis of the remaining 
quantity into glucose, we are as yet undecided as to its fate in the rabbit. 
Even if the remaining sucrose were split into glucose, the latter is either 
rapidly oxidized into its final metabolic products or undergoes conversion 
into glycogen for storage. Of the two suppositions the former seems 
unlikely since the alkali reserve values of two rabbits injected with 
sucrose were not diminished (Eroz and Terzioglu : this journal). A 
third possibility is that sucrose may be stored in tissues of the rabbit, 
such as had been postulated for the dog by Power and Keith (1936). 

Summary 

1) Rabbits injected subcutaneously with solutions of sucrose varying 
from 10 to 39 % in strength excreted in urine 80-100 % of this disaccha- 
ride, bearing no relation to its quantity delivered. 
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2) The blood sugar values determined at various intervals within 
24 hours, subsequent to injections, varied within a normal range. 
Therefore the amount of sucrose remaining in the organism following 
its subcutaneous delivery does not undergo hydrolysis. 

3) No reducing sugar was found to be present in urine. 

4) Two experiments conducted with the purpose of investigating 
as to whether any invertin would develop on subcutaneous injections 
of sucrose did not offer any positive evidence along this line. 
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Since the time of Paul Bert (1878), the results of innumerable 
experiments at high altitudes or in the pneumatic chambers in the 
laboratory have indicated that erythropoesis is mainly due to a decrease 
in the partial pressure of oxygen in atmospheric air. However, two 
lines of experimental evidence (Dalwig, Rolls, and Lovenhart, 1915; 
Miller, Jr., 1940) have diverged from this well-known theory and 
observed blood regeneration on exposure of animals to high concen- 
trations of carbon dioxide. The latter author attributed this stimula- 
tion of bone marrow to a tissue anoxia resulting from a depression of 
tissue oxidations by carbon dioxide. 

In the light of these earlier experiments, it seemed very unlikely 
that neither the decrease in the partial pressure of oxygen nor the 
increase in carbon dioxide content in the inspired air were specific 
factors which stimulated the bone-marrow to increased erythropoesis. 
It was postulated that a possible alteration in the acid-base equilibrium 
of the organism may be the direct factor responsible for the increased 
blood regeneration under these two diverse conditions. In order to 
investigate this possible effect, a series of experiments (Terzio6lu, 1945) 
were carried out in rabbits, in which acidosis was induced by the 
feeding of oats, as had previously been shown by Beckmann (1922). 
As was expected, accompanying the acidosis, there was an increase in 
erythrocyte count and hemoglobin concentration, though the two were 
not always of the same order of magnitude. This discrepancy was 
attributed to the insufficiency of iron in the diet of the animals. Thus 
in a second series of experiments, ferrous chloride, a compound easily 
absorbed into the blood stream from the subcutaneous site of injection, 
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was administered to rabbits on the acid diet. Under these conditions, 
the increase in hemoglobin concentration became of an equal or even 
greater magnitude than that of the erythrocyte count, and the color 
index which was low in the first series of rabbits on the acid diet rose 
above unity. That the increase in red blood cell count was not due to 
a hemoconcentration was proved by the accompanying augmentation in 
plasma volume, as well as the regular increase in reticulocyte count. 
Furthermore when the acid diet was replaced by that of vegetables, 
within two to four weeks there was a general reduction towards nor- 
mality of all values investigated. 

These results were interpreted by a theory that is analogous to 
Winterstein’s well-known reaction theory of respiration; namely, that 
the stimulation of the respirato - y center is brought about by the increase 
in H-ion concentration of blood or within the neurons of the center 
itself. It was postulated that the acid ions in blood of rabbits fed on 
oats may similarly stimulate the bone-marrow to erythropoetique 
activity. 

Recently an article by Markees and Menczer (1946) drew our 
attention to another type of acidosis induced by injections of hypertonic 
glucose solutions or of glucose solutions followed by those of organic 
acids. They injected rabbits with 2 grams of glucose per kilo of 
body weight, out of a 50 % glucose solution, and obtained blood at 
intervals of 60 to 345 minutes thereafter. The alkali reserve of blood 
as determined by the Van Slyke manometric method was decreased 
from 1.9 to 33 vols % C 0 2 in the various animals investigated. Similar 
effect of glucose administration on alkali reserve was previously observed 
by Wymer (1926) in rabbits but not in man. He injected three rabbits 
with 10-50 ml of physiological glucose solution (equimolar glucose in 
physiological salt solution) and observed a drop in alkali reserve and 
acidity of urine, one and a half hours after the injection. In one rabbit, 
urine was still acid twenty-four hours following the glucose administra- 
tion. A repetition of the same experiments in man, however, did not 
Y ie ld similar results, since the alkali reserve did not change, and the 
urine pH was found to be alkaline. According to Campbell and 

Maltby (1928), levulose feeding in man caused a lowering of alkali 
reserve. 

Markees and Menczer (1946) attributed this reduction of alkali 
reserve following injections of glucose, to the breakdown of the latter 
to its intermediary metabolic products; such as, pyruvic and acetic 
acids. Thus the oral administration of these acids to animals which 
previously had been “ loaded ” with glucose brought about the largest 
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drop in alkali reserve, accompanied by a pronounced hyperglycemia. 

The following experiments were conducted with the purpose of 
investigating the effect of glucose acidosis, as induced by Markees and 
Menczer, on the regeneration of blood in the rabbit. The preliminary 
experiments dealing with the influence of the dosage of glucose employed 
on blood sugar level, alkali reserve, blood and urine pH’s are separately 
reported (Eroz and Terzioglu : this journal). It suffices to mention 
that with the dosage employed in the following experiments, we also 
noted a drop in alkali reserve and urine- and blood pH’s lasting for 
6-8 hours in the majority of animals, and in some for 24 hours, following 
the glucose administration. 


Material and Methods 

Of the twenty-seven rabbits used in the three experimental series 
all were males, with the exception of nos. 5 and 12. The reason for 
the preference of male animals was that during the course of experimen- 
tation a few of the female rabbits gave birth to litters, conception having 
occurred prior to the commencement of the experimental period, and 
had to be discarded. The majority of the animals weighed 2000- 
2500 grams, the only three exceptions being nos. 15 and 21 which were 
below this weight-range, and no. 10 which was 3300 grams in body 
weight at the start of experimentation. 

The experiments are reported in three series arranged according to 
the period during which they were conducted. Of the first series, 
rabbits 1-6 were experimented upon from October of 1946 until 
February of 1947 and rabbits 7-13 from February until the end' of 
May of 1947. The experimental period of the second series lay within 
the very hot months of June and July of 1947, while for the third series 
the time of experimentation extended from January until May of 1948. 
All animals were fed on the laboratory diet of vegetables which consisted 
of carrots, cabbage, and lettuce. 

In the first and second series of experiments, urine pH was determined 
on over-night samples for three to four consecutive days in the pre- 
experimental period, and subsequently hematological studies were made 
for obtaining the pre-experimental values. Rabbits were injected 
daily for four weeks with 2 grams of glucose per kilo of body weight 
out of a 25 % glucose solution. The isotonic-salt solution controls 
were administered with the same amount of fluid as they would have 
received had they been injected with glucose solution. On the idea 
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that an equivalent quantity of fluid may not be sufficient for a control 
solution led us to use an equimolar solution of sucrose (47.5 %). Expe- 
riments dealing with the fate of this injected sucrose in the organism 
are separately reported (Terzioglu and Eroz : this journal). 

Hematological determinations were made at the end of the second and 
fourth week of injections as well as two to four weeks following the 
termination of the injection period. Urine pH was determined electro- 
metrically, by the use of the hydrogen electrode, on over-night samples 
twice a week during the experimental period. Blood volume was 
estimated by a modification of a method described by Somogyi, Wirz, 
and Verzar (1945), using the colloidal Geigy-blue dye 536. On account 
of the difficulty encountered in the administration of the dye solution 
into the ear vessels, without losing some of it into the extravascular 
area, we obtained blood directly from the heart and injected the dye 
into it. The manner of injection of the dye as well as withdrawl of 
blood samples is described, as follows : 

Rabbits are very easily hypnotized when held by the fore- and hind- 
legs and turned suddenly to be laid in a supine position on the fixing 
board. The fore- and hindlegs as well as the head are then firmly 
fixed on the board, with often none or very little disturbance on the 
part of the animal. The hair overlying the chest is then shaved Gff, 
the skin is cleaned with a tincture of iodine solution, and subsequently 
alcohol, and left off to dry for a few minutes. Then a syringe needle 
attached to a 5 ml syringe is plunged vertically over the spot where 
the heart beat is felt most distinctly. The site where the heart beats 
most forcefully often varies in various animals, in the majority lying at 
the junction of the 3rd or the 4th intercostal space with the sternum. 
The needle glides in very easily as soon as it is in the ventricle, 
and blood fills the syringe readily. If the needle is not in the ventricle, 
that is if the syringe fill very slowly with foaming blood and much 
force is required to move the piston, it is wise to withdraw the needle 
and start all over again. As soon as 1-1.5 ml of blood is withdrawn, 
the needle that is left in the ventricle is detached from the syringe, 
and the blood is emptied into a centrifuge tube. Immediately the 1 ml 
syringe, divided into 100 divisions, and containing the required amount 
of dye solution to be injected (0.15 ml/kg of a x % Geigy-blue in saline) 
is attached to the syring needle in the ventricle, and the dye is quickly 
delivered. Following the delivery of the dye, the syringe is washed 
several times by repeated withdrawl of blood into the syringe and re- 
injection into the ventricle, until no trace is left neither in the syringe 
nor in the needle. Finally, the needle is withdrawn out of the heart 
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and the animal is left in the same supine position for five minutes to 
insure a complete mixing of the dye solution within the circulatory 
system. During this interval of time, care should be taken for the main- 
tenance of absolute quiet in the vicinity of the animal, since rabbits 
are very easily excitable, and the slightest noise is enough to upset the 
animal and thus alter the blood volume. At the end of five minutes, 
blood is again withdrawn out of the heart by the same procedure. 

Both samples are left off to coagulate for 20-25 minutes, and the 
coagulum is then separated from the walls of the tube with a fine glass 
rod. Coagulated blood samples are then centrifuged for 20 minutes 
at a speed of 2000 revolutions per minute. 

The amount of dye in the second sample of serum is calculated from 
its extinction coefficient, as determined by the Pulfrich-Stufen photo- 
meter, using red filter S 61 and cuvettes of x mm in width. The 
non-dyed first sample of serum serves as a control. Prior to commen- 
cement of experimentation, a dilution series of Geigy-blue in rabbit 
serum, in a concentration range of o.oox-o.oi gm %, was prepared, 
and extinction coefficient of each dilution was determined. From the 
straight standard curve so obtained, the amount of dye in the unknown 
serum can be easily read from its extinction coefficient. 

Plasma volume is calculated from the percentage dye concentration 
by the following equation : 

-jy, , . amt. of dye injected (mg) 

dye (mg) m 100 ml 

As for the other dye methods, determination of hematocrit value is 
needed for the estimation of the blood volume. A 1 % liquoid solution 
is sucked into standard hematocrit capillary tubes, which are left off 
to dry in a thermostat. As soon as the first sample of blood is with- 
drawn from the heart, blood is sucked into these hematocrit tubes 
and centrifuged at a speed of 3000-3500 revolutions per min. for a 
half hour. The percentage erythrocyte value is read from the hema- 
tocrit, and from the percentage plasma volume that of whole blood is 
calculated. 

The percentage of hemoglobin in blood was determined by the Sahli 
method, using Sahli tubes standardized to 16 grams of hemoglobin in 
100 ml of blood as normal. The erythrocyte count was made with a 
modified Neubarer’s hemocytometer, using Toisson’s in earlier and 
Hayem’s solution in the latter series of experiments. Both hemoglobin 
and erythrocyte determinations were made in duplicate, or until the 
difference between the two determinations did not exceed 3 % for 
hemoglobin and 200.000 for the erythrocytes. 
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The reticulocyte count was performed as previously described 
(Terzioglu, 1945). 

For the determination of color index, a new calculation method was 
employed where the initial hemoglobin and erythrocyte values were 
accepted as 100 %, thus yielding a normal index of unity as 1. For 
all other experimental periods, the color index was calculated by dividing 
the percentage deviation of hemoglobin concentration, as calculated 
relative to alterations in blood volume, by the percentage deviation 
of erythrocyte count, similarly related to changes in blood volume. 
Thus for rabbit 8, at the end of two weeks of glucose injections, the 
percentage deviation of hemoglobin amount from the initial period, 
160. 1, divided by the percentage deviation of erythrocyte count, 157.9, 
yielded a color index of 1.01. 

In order to establish the extent of alterations in blood volume, the 
value for each period was expressed as percentage of the initial value, 
which was taken as 100, and the real changes in the amount of erythro- 
cytes and hemoglobin were therefore determined according to the 


formulae 


^ VHb 2 respectively. V represents the blood volume 


E x Hbr 

in% (the initial value taken as 100), E x , Hbj are the number of erythro- 
cytes and hemoglobin concentration at the beginning, and E 2 and Hb 2 
at the end of the period, respectively. 

Thus in rabbit 8, two weeks after the glucose injections, the blood 
volume had increased to 171 % of the initial value as 100. The deter- 
mined erythrocyte value for the same period was 6.012 X io 6 ; while 
it was 6.508 x io 6 initially. Therefore the percentage increase was 

6.012 x 171 . , , . , 

6^508^" “ I 57-9- A similar calculation yielded the percentage 

change for the hemoglobin amount. 


Results 

Urine pH was determined only for rabbits of the j first and second series, 
and no difference between the pre-experimental and experimental 
values was noted. For both series the urine pH values lay within a 
wide range of 7-9, the majority being around pH of 8.5. 

The total blood volume increased in seven out of 10 rabbits of the 
first series, as a result of glucose injections for a period of four weeks. 
The range of this percentage increase over normal was variable, exten- 
ding from 1 10.8 to 171 %, as is revealed in table I. Moreover, although 



Table I 

The results of experiments on rabbits of first senes, 
injected with 25 % glucose solution in doses containing 2 grams of glucose per kilo of body weight 
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Glucose for 2 wks. 35.5 201.6 101.6 6.660 125.6 60 100 0.82 

Glucose for 4 wks. 36 6.900 128.2 62 105 0.82 

2 wks. after glucose 38.5 191.8 96.6 6.600 118.4 63 103.3 0.87 

4 wks. after glucose 38.5 191.8 96.6 6.608 118.6 73 119.5 1.007 
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The key to the abbreviations in this and the succeeding tables is as follows : 

Dct. : Determined; Erythro. : Erythrocytes; Reticulo. : Reticulocytes; E 4 and Hbi : initial erythrocyte and hemoglobin values, respectively; 
t and Ilb 3 : Erythrocyte and hemoglobin values determined at the indicated intervals. 
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the blood volume was increased to very high values at the end of the 
first two weeks of injections, this increase was not sustained in all of 
the animals during the second half of the experimental period. Gene- 
rally, the values for blood volume in this latter period are lower than 
those of the first two weeks, though still above the initial percentage 
(Table I). 

After stopping the glucose injections, the total blood volume was 
reduced to normal in rabbits 1, 7, and 8, at the end of four weeks; in 
rabbits 4 and 6 to normal and below normal, at the end of two weeks ; 
while it remained at an augmented level in rabbits 2 and 9. Of the 
remaining three which had not shown any increase during the injection 
period, the blood volume of rabbit 10 was reduced to a very low value 
of 82.4 % (Table I). 

There was no significant change in blood volumes of rabbits 11 and 
12 injected with isotonic-salt solution, while that of rabbit 13 was 
reduced to below normal during the experimental period as well as in 
the two succeeding weeks (Table II). 

The results obtained on the three rabbits in the second series, injected 
with glucose solution during the very warm months of June and July, 
were not in accord with those of the first, although all experimental 
conditions were identical. In only one rabbit (no. 14) did the blood 
volume increase over that of normal after four weeks of glucose admi- 
nistration while in the other two it was reduced to below normal during 
the same period (Table III). 

However, two weeks following the injection period, there was an 
increase of 121.5 % over the initial as 100 in rabbit 15. Also there 
was no appreciable change in the three rabbits injected with equimolar 
sucrose solution (Table III). 

In the third series injected with glucose an increase in blood volume 
was observed in four out of five rabbits, after four weeks of injections 
(Table IV). In the only rabbit (no. 21) which did not show any 
increase during the experimental period, as well as in rabbits 23 and 
24, there was what might be referred to as an “ after effect ” of injections; 
namely, a large augmentation in blood volume two weeks following the 
injection period. However, this increase was succeeded by a depression 
to below normal in rabbits 21 and 23 at the end of four weeks following 
the glucose administration (Table IV). 

The three rabbits injected with sucrose solution also responded with 
an augmentation of blood volume at the end of the two-week injection 
period, though this increase was not of the same order of magnitude 
in rabbits 25 and 27 by the end of the fourth week (Table IV). In the 



The results of experiments on rabbits of the first series, 
i?ijected with isotonic-salt solution (4 ml per kilo of body weight) 
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third animal (no. 26), the initial increase was followed by a depression 
to below normal at the termination of the fourth week of injections. 
After stopping the sucrose administration, blood volume was reduced 
to practically normal after four weeks in rabbit 25, remained below 
normal in rabbit 26, and was reduced to below normal in no. 27 
(Table IV). 

Erythrocyte count. — In the first series of rabbits, the erythrocyte 
count was highly increased in 7 out of 10 animals at the end of two 
weeks of glucose administration, the range being 125.6 to 205.6 % of 
the initial as 100. The remaining three (nos. 3, 4, and 10) which did 
not respond during the first two weeks, similarly revealed an augmen- 
tation in erythrocyte number at the end of the fourth week of glucose 
injections (Table I). Thus it can be concluded that injections of glucose 
for four weeks increased the erythrocyte count in all of the animals 
investigated. As for the blood volume, the animals which responded 
with a large increase in erythrocyte count during the first two weeks 
did not retain the high values by the end of the fourth week, the erythro- 
cyte count being somewhat lowered in three (nos. 2, 7, and 8) and 
dropping to below normal in one (no. 6, Table I). 

After stopping the injections, there was a reduction of erythrocyte 
count towards normal in all animals but one (no. 9), by the end of the 
fourth week. During this period the erythrocyte count of rabbit 
no. 9 was still further increased, being 186.6 % of the initial value as 100. 

The erythrocyte count in two (nos. n and 12) of the three controls 
injected with isotonic-salt solution did not alter appreciably during 
the experimental period while that of the third (no. 13) was depressed 
to below the initial value (Table II). 

In all three rabbits of the second series injected with glucose solution, 
the erythrocyte count was depressed to below normal at the end of 
the second experimental week and was still further lowered in animals 15 
and 16 by the end of the fourth week of injections. Two weeks follow- 
ing the injection period, an “ after-effect ” was observed in rabbit 15, 
whose erythrocytes had increased 121 % over normal as 100 (Table III). 

The three sucrose-injected controls of this series yielded similar 
results, in that there was a reduction in erythrocyte count in two (nos. 17 
and 18) and no change in one (no. 19) during the experimental period 
(Table III). 

In the third series, out of five rabbits injected with glucose, the erythro- 
cyte count increased in two (nos. 20 and 22) at the end of the second 
week and in all by the end of the fourth week of injections (Table IV)» 


GLUCOSE 


287 


W 

© 

9 


© 

3 

o 

<3 


•*c 

V. 


St 

,0 


© 

k 

u 

a 


R 

•3 3 

§ fco 

S 




© Sp 
fc -S 

CN .g 

8 

c 

© 

© 


•§ 


c 

,© 


fco 

\0 

0 s * 

*0 

c* 


■§ 

»«* 

.fc 


Reticulo. 

per 

1000 

erythro. 

N r{- 

N N W N 

S >0 M M 

M M M M 

Tj- VO CO CO 

N N N m 

8 

9 

12 

27 

20 

20 

m Ov vO 

M M M 

Color 

index 

r 

x.07 

1 

0.97 

vO 00 H 

00 00 CJv 

m d d d 

m m 00 
q qv qv 

M M O O 

00 qv 
m d d 

vO vn 
O' O' 

« 6 6 

M O 

O q> 

M M O 

CJ 

J 3 

a 

> 

- 

JO 

a 

Os w 

O N 

O ^ O O 

M MM 

100 

75 

68.3 

1 10.8 

N n n 

0 d m n 

O O' 0 

M 

CO 00 

0 ri- vd 

0 00 ^ 

M 

100 

80.4 

85-5 

vq rj 
O n in 
OOO 

M M M 

Det. 

% Hb. 

! 

\n in 

m (4 

CO VO VO h 

Vi 

co O ro \0 

(N vO VO VO 

*n 

rh vd CO 

S vO VO vO 

in 

pi n 0 
vO m so 

m d 00 

sO sO 

in 

-t* co ci 
NO no so 


w 

Ov 00 

O fi w ts 

O t> O O 

M MM 

O' tp 

O M 

0 00 tM N 

M M 

100 

89-9 

64.8 

73.8 

’"t* ^ 

O sO m 

O Os 00 

M 

qv n 

0 co d 

0 00 0 

M 

0 piso 
OOO 

M M M 

Det. 
erythro. 
value 
(1 X IO 6 ) 

O N O « 
f ^ O w 

19 up q 00 

00 <d t' h 

VO 00 Tf 00 
m VO on 
vf O M ■+ 

d- d- d- i> 

M VC N 

00 *0 M 

Tt* in hi co 

00 N00 IN 

O sO 00 

00 OV Tf- 

00 in el 
in in sd 

t*- sO 00 
't in N 

n n q 
d- vd sd 

N so N 

IN H (N 

co c* q 
SO NO sd 

Blood 
volume 
as % of 
initial (V) 

N N 0 

0 4 - 4 - vd 

0 0 N w 

M MW 

co m \n 

0 m d* M 

0 ov ^ 

M M 

c> 

O M rf- 

0 0 NO 00 

M M 

co 

O ~ O 

O O co 

M M 


B 

Blood 

volume 

(ml) 

N N vO N 

*-* d d d 

r-* vo m 0 

H M N f| 

m vD N 00 

CO O CO CO 

*<t* co w 

M M M M 

00 vD 

4 - VO M O 
vO VO M T(- 
M M M M 

Ov "tf* -tf- 

d. d d 

CO O' if) 

M M M 

M 

N M 

co h h 

M M M 

no co r** 
rt* in in 

M M M 

Hema- 

tocrit 

value 

in 

cn tJ- d 

■t n n Tf 

in m 

vO co 1/7 Ox 

CO CO CO co 

N 00 h N 

Tf CO CO CO 

in m 

in 0 co 
co co co 

00 so O 

CO CO Tt* 

in 

in co 
co co co 

1 

Experimental 

conditions 

1 Initial 

Glucose for 2 wks. 
Glucose for 4 wks. 

2 wks. after glucose 

Initial 

Glucose for 2 wks. 
Glucose for 4 wks. 

2 wks. after glucose 

Initial 

Glucose for 2 wks. 
Glucose for 4 wks. 

2 wks. after glucose 

Initial 

Sucrose for 2 wks. 
Sucrose for 4 wks. 

Initial ! 

Sucrose for 2 wks. j 

Sucrose for 4 wks. 

Initial 

Sucrose for 2 wks. 
Sucrose for 4 wks. 

Animal 

no. 

M 

in 

M 

NO 

M 

r^ 

M 

CO 

O' 

M 

















































288 


M. TERZIOGLU 


.bo 


o 

-o 

o 




10 


jn *«-» 

CU ^ 

«-j tv 
11 
2-1 


3 

< 


<a 

-O 

<3 

K 

© 


•S’ 

.§ 

* 

<U 

*> 


t 


£ 


bo 

O' 

t*9 

S 

V. 

bo 

CJ 

bo 

.5= 


*§ 


St 

o 


in 

N 


3 

# o 

t> 


u O 2 

O o X 

a°“^ 

*-t 

t> 


u x 
o £ 

o -5 
O .S 


x 1 

as 

> 


XI 

as 


. XJ 

1 w 

Q 


w 

> 


w 


J 8 a 2 

IS xi 2. 

D X 

<y ►-< 


'dTot 
w § «2 

^ « C 


•d 

o 

o 

S 


4> 

G ^ 
5 G 

o ^ 

> 


C3 ,ti ^ 

E b 3 

flJ O C3 

X ~ > 


« 

+- to 
C C 
u o 

E « 

'C -o 
« c 
a, o 
* o 
W 


C3 

S d 
S C 
< 


O to O 00 

N n ro N 


vO + 

C> O' O 

V-* 6 O >H 


o 

o 


o r- 

CO N 


N 00 rh \D w 
H N N H w 


N w vO rh 

0 0 0 0 

*h o o o « 


O n >too 
O h 00 O' in 
O 00 o N O 


co o 'n n 
no no vo 


O r- co 
o M co N 


O Tj- VO Tf* 
\0 N O' N 
N rf- pi m 

d d d* r^. 


h o <0 O' in 
O VO iO VO h 


O 00 CO 
o co h 


VO 
rj- m 


00 vO 00 vO N 

N O' in »H co 

H M H N pi 

vd ts 


o 
o 


10 NO co 
Tt- VO co* 


pi 00 co rn 
O' O rn d- 
^ O t>- 

t-t m M M 


ts m vO O 
co co ro rj- 


js ^ o 

£ £ js 

N ■+ M 

*-<*-«£* 
O O V 

^ £J 
O O tf 
co c/5 . 

•d O O co 

.2 o o ^ 

d 3 > 

H O O N 


O 

O 


^ r^* ■'*“ « 

ir> rf- v£> 

o M 00 


^ t r, 

o \o to vo «A 

00 CO 00 o 10 

H H H P) H 


N vO vo 00 >-. 

fo t9 ro n Tf 


C/3 C/3 

£ -S 


O ty 
CO CO 

0 O 
O O 
3 3 


Pi 't tc tic 
^ *h u u 

,0 o p o 

t *- < 

o O C3 C3 
co 03 

O O to co 

;s S 3 | | 
£oONt 


a 


O 

N 


00 o 

M tJ- 


o 

o 


O' Cv 
IT) vo 


O 00 
O CO 


O VO 
10 ov 
o 
\d 


o NO 

O N 


M CO 
NO O 
« N 


Ov CO 

*-• co 


m 10 pi O' m 

m rt* n W H 


n 

o ov 


« c> r> 

o d pi w co 

o Ov 0 co o 


1/5 m m xn *A 

in 6 d to co 

no 00 no 


w CO 00 PJ 

CO H N ^ 

o H cow 


> 


O 

o 

3 

o 


xj- \o rh vo co 

Tj- O' '■O O' 0 

w o « 0 h 

00 d 00 * cd o 


o vO 
0 O 


« cO 
m d d 
m i> 


M CV q ^ 

4 co O c*>qo 




vO > 0 


M to r- 

rf- ro w ^ 


y 0) 

. - 03 to 

to co q 0 

U U 

& ? 3 3 

rt* Cil 

.0 S s .2 


u a; cs t5 

to CO . . 

O O to co 

U O ^ ^ 

3 3 ^ ^ 


C O O N 




co 

N 












Table IV (continued) 


GLUCOSE 


289 


3 

U 

•*-» 

O 

Pi 


o S 

O X. 

o 

- £ 
o 


u 

O 


o -o 

O .S 


X 

as 

> 


XI 


x £ 

« X, 

Q 


w 

> 


w 


. 2 a 0 

*j ij Is « 

o x 3 

O >.gx 


•n 

o 

o 

5 


V} 

« C 


TJ 

O 

o 

s 


d « O 

E 52 

4 { o g 

S3 ~ > 


O O w N O' 

M M d M 


d 

0 °. °. *1 o 

»H O ►“* W *-4 


*t" ^ "1" 

6 00 ci 
r* o 00 


t-i m ih ro 

vo m o vo 



O' 

CO 


00 




m 

00 

0 


vd 

vO 

CO 

0 

XH 

00 

vd 

in 

0 

00 

0 

m 

O' 

0 

in 

** 

00 

CO 

M 



** 


*-l 

M 

M 

►M 



co so 

o 4oo 

O 00 o 


»n 

* 4 - to 

rf- O 


0 

E 

/~N 

00 


CO 


vO 


00 

3 


d' 


N 


d 

O 

6 

O 

*-* 

s-/ 

vo 

Tt* 

00 

' 4 * 

vO 



> 



M 

IH 

N 



pi 


*’« t** d "+■ ►*< 
n N n n n 


S g 

s :s 

*n -o 
« c 

D, o 

X U 

W 


c /5 c/5 


o a 

c /5 c/5 

O O 

^ u u 
£33 


N M tJJ 

U u u u 

O O 4 ) O 

^ ^ «£2 

O O « C 3 

w c/5 

P o OT tn 

loo « + 


oof^^Nr'** 
w H N N w 


i'* CO vO 

*H CO M M 


d 

•t* 



d 

r}“ 

in 

in 

M 

O' 

M CO 

O' 

O' 

M 

O' 

00 

q 

O' 

M 6 

« d 

d 

m d 

W 

d 

m d 

M 

d 


O H CNO N 
O in d m d 


vO in d vO 
vo m vo 


00 


0 


VO 

0 

0 

O 

00 

vO 

rj- 

d 

vO 

rt* 

0 

O' 

VO 


r- 

>-< 

00 

vO 

d 

CO 

O 

M 

in 

** 


O' 

in 

d 

in 

CO 

O' 

vq 

d 

q 

OO 


d 

in 

vd 

vd 

vd 


vd 

vd 

in 

in 

00* 

00 



vd 

0 6 


CO up vO 
O' m ro vo 
m co -t o 


00 in d d 


m in 

vd d d vO 
CO CO CO CO CO 


cn c/5 

5 ii 

« tj- 


y o 

05 C /5 

O O 


O O 3 

U-4 •- 

a a> 

cn c /5 


a> o 


O in c /5 
L. ^4 
O > > 
3 ' 


m C/3 C/} N *t 


-cf* d 

O M M d 
O O O' 


N O Tf- t)- 

r"C vd b 


qi rp 

o o co co 

o M so O' 


o 

o 


O' VO d 
t>* 00 O' 00 * 
00 d *± SO 

H N H M 


£ 5 


tJ- 00 

CO CO 


co co 

^4 ^5 


> u 
" 3 
rt* w 


Ih 

O 


.2 s 

U 

c ^ 
m Cfl Cfi N 


O w 

*3 

u 

3 


E 6 
c c 
< 


in 

N 


o 

d 


O' vO CO 

*H N N M 


0 

0 


d >-« r> 
M O O' 


in vo o 


in in 


Tf 

O' 

CO 

O' O' 

0 

M 

r^. 

in 

00 

0 

d 

0 

CO 



►-< 

M 



CJ ^ tJ* 


O M vO 
O CO O' 


r* 

o 


Th 00 -3- O 
VO O 4 “ d 
co o up 

vd ^ vd 06 


co co d 

vd ^ 

d 

d d 


•f CO 
4 - O' 


00 O' co I s * 
CO N CO co 


CO co 

> i 


*- »- 5 

.0 ,0 3 


o o 


o 

3 


Cfl CD N 


N 



















290 


M. TERZI06LU 


The three rabbits (nos. 21, 23, and 24) in which the increase was not 
very striking during the injection period revealed the “ after effect” 
of increase two weeks following its termination. However, lower values 
for erythrocyte count was obtained when hematological studies were 
performed again two weeks later (Table IV). 

Contrary to our expectations, the three sucrose-injected rabbits of 
this series all responded with an increase in erythrocytes at the end 
of the second injection week, though this response was not as marked 
(rabbit 25) or sustained (rabbits 26 and 27) by the end of the fourth 
week (Table IV). Again in rabbit 25, there was a large “ after-effect ” 
two weeks following the termination of the injection period. 

Inspite of the changes in erythrocyte number, it looks very paradoxical 
at first sight that little or no variation is to be observed in the hematocrit 
values of the three series (Tables I -IV). This discrepancy can be 
explained by the accompanying total increase in blood volume as well 
as by the well-known fact that the newly formed cells are of a smaller 
volume than the older degenerating ones. 

Hemoglobin concentration. — In the first series, although 8 out of 
10 rabbits injected with glucose revealed an increase in erythrocyte 
count at the end of the second week of injections, only five of these 
showed an increase in hemoglobin concentration during the same 
period (Table I). Furthermore, in three (nos. 4, 5, and xo) out of 
the remaining five, hemoglobin concentration was depressed to values 
even lower than normal. However, the initial depression on two of 
these (nos. 3 and 4) was succeeded by an augmentation at the end of 
the fourth week of injections (Table I). The hemoglobin concentration 
which was markedly increased (160-184 %) in rabbits 2, 7, and 8 at 
the end of the second injection-week was of a smaller magnitude at the 
end of the fourth week, though still higher than normal. The “ after- 
effect ” of injections was apparent in these three, as well as in no. 2, 
in which hemoglobin was further increased after stopping the glucose 
administration (Table I). 

As for the total blood volume and the erythrocyte counts, the hemo- 
globin concentration of rabbits in series 2 was also decreased in some 
or was unaltered in others as a result of glucose as well as sucrose 
injections (Table III). 

Out of five rabbits in the third series, all but one (no. 23) revealed an 
augmentation in hemoglobin concentration at the end of the fourth 
week of glucose injections, though unlike the changes in erythrocyte 
count only two responded by the end of the second week (Table IV). 
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Two weeks following the injection period, the hemoglobin concentration 
of three rabbits (nos. 21, 23, and 24) was increased to a much greater 
extent than that observed during the period of injections (Table IV). 
In the case of rabbit 24, which had shown only a very small increase 
during the entire injection period, the hemoglobin amount rose to 
182.4 % above the normal percentage as 100, two weeks after the 
termination of glucose administration. However, hemoglobin con- 
centration returned to normal in rabbits 21 and 24 and below normal 
in rabbit 23 after a further two-week period (Table IV). 

The sucrose-injected rabbits similarly showed irregular variations in 
hemoglobin concentration during the injection period (Table IV). In 
rabbits 25 and 27, hemoglobin amount increased at the end of the second 
week of injections, that of no. 25 being sustained throughout the fourth 
while that of no. 27 being reduced to normality at the termination of 
the injection period (Table IV). On the other hand, hemoglobin 
concentration of rabbit no. 26, unaltered at first, was later reduced to 
below normal at the end of the second half of the experimental period. 
After stopping the injections, the “ after-effect ” of augmentation was 
observed in rabbit no. 25 in which hemoglobin concentration rose to 
r 56-i % above the initial percentage as 100. 

It is thus apparent that in rabbits of series 1 and 3 injected with 
glucose, there was a distinct tendency of the hemoglobin amount to 
augment, which in some; cases was revealed or was further stimulated 
after stoppage of the injections. However, this increase was not as 
regular and in most cases not as marked as that of the erythrocyte count. 


Color index. — In rabbits of the first series the ratio of - 

J erythrocytes 

in % of the initial values, which we have utilized in the calculation of 

the color index, was generally lowered below the normal as unity, during 

the period of injections. In most of the animals, the color index was 

m the vicinity of 0.9 during the injection period; the exceptions being 


nos. 9 and 10 in which it was even lower, being 0.7; and nos. 7 and 8 
in which it was unaltered (Table I). Two weeks after the end of the 
injection period, there was a tendency of the color index to return 


towards unity, though it was of an irregular nature in the individual 
animals investigated. 


In the control rabbits of this series injected with isotonic-salt solution, 
color index was somewhat lowered in two (nos. n and 13) and remained 
the same in one (no. 12) during the period of injections (Table II). 

In two out of three glucose-injected rabbits of the second senes, the 
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color index was reduced to 0.86-0.95 at the end of the injection period, 
while it was practically unaltered in one (no. 14). Similarly, injections 
of sucrose to three rabbits lowered the color index in two (17, 18) and 
was without any effect in the third (no. 19, Table III). 

The results on the color index of the third series corresponded well 
to the other two in that generally during the period of injections there 
was a tendency towards a lowering of the index (Table IV). This 
reduction was revealed in four out of five rabbits at the end of the second 
week of injections, though the index rose above unity at the end of 
the fourth week in rabbit no. 24. After stopping the injections, the 
color index rose above unity in all rabbits which had revealed the 
increase (Table IV). 

The three rabbits injected with sucrose revealed somewhat a characte- 
ristic change in color index, in that after the initial lowering at the end 
of the second-injection week, the index rose above unity with the con- 
tinuation of injections for a further two week period, but stopping the 
injections again reduced the color index to around 0.9 (Table IV). 

Reticulocyte count . — With the exception of nos. 2 and 5, there was 
an increase in reticulocyte count in all rabbits of the first series injected 
with glucose solution (Table I). The failure to augment on the part 
of the reticulocytes of the above-mentioned animals is not under- 
standable since the erythrocyte count was increased in both (being 
205.6 % above the normal percentage as 100 % for no. 2). The only 
possible explanation may be that in these animals there already existed 
a condition of bone-marrow stimulation prior to the injection of glucose 
solution, as is revealed by the already high initial reticulocyte count. 
After stopping the injections, the reticulocyte count went down to 
below the initial values in all the animals investigated. The latter 
fact was even observed in the two rabbits (nos. 2 and 5, Table I) which 
had failed to reveal any increase in the reticulocyte count during the 
injection period. The possible significance of this may be that the 
over-stimulated bone-marrow during the period of injections may 
have been exhausted and may have entered a period of underactivity 
at the termination of glucose administration. As to the controls 
injected with isotonic-salt solution, no significant difference from the 
initial values in reticulocyte count was noted during the period of 
saline administration (Table II). 

The three rabbits in the second series , whose erythrocyte numbers 
were reduced to below normal as a result of glucose injections, failed 
to show any appreciable changes in the reticulocyte count (Table III). 
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Furthermore, the reticulocyte number of rabbit 16 was reduced to 
nearly half the initial value following the termination of the injection 
period. Similarly the rabbits injected with sucrose failed to show any 
alteration in reticulocyte number during the same experimental period 
(Table III). 

The five rabbits of the third series injected with glucose, all revealed 
an increase in reticulocyte count, this increase in some cases (nos. 21 
and 23) being two or threefold the normal value. Inspite of this 
large augmentation in reticulocyte count, the increase in erythrocyte 
values was not as marked as in rabbits of the first series. Furthermore 
in these two rabbits as well as in rabbit 24, the initial depression in 
erythrocyte number at the end of two weeks of injections was accom- 
panied by the large increase in reticulocyte number (Table IV). More- 
ever, the “after-effect” of injections as revealed for blood volume, 
hemoglobin concentration, and erythrocyte count was not observed for 
reticulocytes. With the stoppage of injections, reticulocyte count in 
all rabbits returned to the initial values. 

With the exception of rabbit no. 25 in which the largest change in 
blood volume, erythrocyte number, and hemoglobin concentration were 
observed, the reticulocyte count increased in the remaining two rabbits 
of the third series injected with sucrose solution (Table IV). 


Discussion 

The regeneration of blood under the conditions of acidosis as induced 
by the injections of a 25 % glucose solution, in daily doses containing 
2 grams of glucose per kilo of body weight, has been investigated. That 
glucose injections bring about a reduction in alkali reserve as well as 
a lowering of urine pH had been previously noted in the literature 
(Wymer, 1926; Markees and Menczer, 1946) and has been further 
confirmed by us recently (Eroz and Terzio&lu, 1949). Although our 
experiments were carried along the same line as those of Markees and 
Menczer, there were some modifications in the experimental procedure ; 
such as, the strength of glucose solutions employed, the dosage of 
glucose administered, as well as the interval for blood withdrawl sub- 
sequent to the injections. Since a 50 % glucose solution when delivered 
daily to animals in our regeneration series was found to be irritating 
to the subcutaneous tissues, the strength of the solution employed was 
reduced to its half (25 %), though the amount of glucose delivered in 
a single injection corresponded to the dosage employed by the above 
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authors. For the same possible irritating effect of too many injections 
and the avoidance of the introduction of too large quantities of fluid 
into the organism, we gave only one injection of the glucose solution 
instead of the two subsequent deliveries as administered by Markees 
and Menczer. Thus the total amount of glucose given in our experi- 
ments was only half of that injected by these authors, and consequently 
the variations in our alkali reserve values (Eroz and Terzio&lu, 1949) 
were not as great. Thus the extent of diminution of alkali reserve 
values in our experiments was between 3.5 to 12 vols % C 0 2 , in contrast 
to 1.9 to 33 vols % C 0 2 of those of Markees and Menczer. However, 
it is evident from these figures that the range of variation in their 
experiments is greater than in ours. 

The urine pH of rabbits in starvation that were injected with glucose 
solution was also diminished (Eroz and Terzioglu, 1949), but in the 
present series of experiments, no such diminution was observed in 
animals of the first and second series whose urine pH was investigated 
two to three times weekly during the experimental period. This 
discrepancy can be well explained by the influence of food on urine 
pH, which would tend to be increased by the presence in the organism 
of alkaline-rich substances introduced in the vegetable food. 

In the following pages, the general discussion of results will be 
limited only to those of the first and third series among which there is 
a well-founded consistency, while the results of the second series are 
not at all in agreement. As has been mentioned previously, the rabbits 
in the second series were experimented upon during the very hot months 
of June and July, when the unfit temperature conditions may have so 
lowered the metabolic state of the animal that the usual stimulating 
effect of glucose, or rather its intermediary-acid products, on blood 
regeneration was not observed. The same inconsistency and variation 
in results was evident in the alkali reserve and blood- and urine pH 
values of rabbits injected with glucose during the same period (Eroz 
and Terzioglu, 1949). It is therefore postulated that due to lowered 
metabolic rate of the animal in hot weather, the injected glucose is 
not broken down to its intermediary acid-metabolic products, but is 
directly converted to glycogen for storage. 

Total blood volume. — As a result of injections of hypertonic glucose 
solution, there was an increase in the total blood volume in n out of 
a total of 15 rabbits in the first and third series, at the end of the four- 
week injection period. Generally, the blood volume during the second 
half of the injection period was lower than that during the first. Two 
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weeks after the glucose administration was terminated, there was an 
“ after-effect ” of injections in that there was a further augmentation 
in blood volume in some of the animals investigated. In others, the 
blood volume was reduced to normal or below normal at the termination 
of this period, while in the majority the reduction to the pre-experimental 
level occurred at the end of four weeks. The blood volume of controls 
injected with isotonic-salt solution did not alter appreciably during 
the experimental period. Contrary to our expectations, an equimolar 
solution of sucrose used as a control in the second and third series 
similarly yielded an increase in blood volume, in the third series only, 
at the end of the injection period. In order to explain this discrepancy 
experiments were conducted with the purpose of investigating the fate 
of this carbohydrate in the organism (Terzioglu and Eroz : this journal). 
Since in these experiments, 80-100 % of the subcutaneously injected 
sucrose was excreted in urine and since the variations in blood sugar 
level were within the normal range, the observed increase in total blood 
volume as well as in erythrocytes upon its administration cannot be 
due to an increase in the intermediary acid products of glucose metabo- 
lism, which stimulate the blood-forming organs into increased activity. 
The only other alternative would be the direct effect of the hypertonic 
solution itself on the bone marrow, stimulating it into erythropoetique 
activity as well as withdrawing fluid from the tissues into the blood 
stream. Thus in the writing of this manuscript, our attention was 
drawn to a recent article by Eggleton (1947) who observed an increased 
acidity of urine and a decrease in its buffering output upon intravenous 
injections of hypertonic sucrose solution into men. He believes that 
this action of sucrose may be concerned with dehydration of tissues 
in general. 

It seems difficult to account for the large variations in blood volume 
by mere differences in the constitution of the animals investigated. 
Since the calculation of the total amount of erythrocytes as well as of 
hemoglobin in blood are based upon the estimated blood volume values, 
it is of utmost importance to know as to whether any error may be 
present in the method of blood volume determination. So far, we are 
unaware of any technical errors, unless it be that the colloidal dye, 
Geigy-blue, may be adsorbed on some elements in blood stream; such 
as , blood corpuscles or the blood proteins, or be retained in some 
part of the circulatory system, such as the spleen sinusoids. 

Thus the adsorption of vital red on the red corpuscles of undiluted 
ox blood and, to a lesser extent, of dog’ blood had been proved by 
Lindhard (1925) in in vitro experiments. He showed that the hemo- 
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globin and the stroma of the cell have greater affinities for the dye than 
the red cell as a whole and, if therefore, some hemolysis occurs during 
the course of manipulation, the values estimated for plasma volume and 
consequently for blood volume would be too high. More recently 
still, our attention was drawn to an article (Frey, 1947) in the retention 
of methyl-violet and eosin dyes on capillary surfaces of the frog sub- 
sequent to its perfusion via the aorta by Ringer’s containing these dyes. 

Erythrocyte count and hemoglobin concentration. — In all rabbits of 
the first and third series, there was a large increase in erythrocyte count 
at the end of the injection period, although this was already revealed 
in the majority by the end of the second week. As was observed for 
the blood volume, the marked increase that occurred in erythrocyte 
count of some rabbits during the first two weeks was not sustained to 
the same extent during the latter half of the experimental period. 
Again, the “ after-effect ” of injections in inducing a further augmen- 
tation in red cell count was apparent two weeks after the termination 
of injections. 

The change in hemoglobin concentration, though not as general and 
as marked as for erythrocytes, seemed to follow the same pattern of 
response. As to why in some animals, the early increase in blood 
volume, red cell count, and hemoglobin augmentation was not sustained 
throughout is difficult to explain. This may be because the initial 
change is of such a large magnitude that the animal is incapable of 
dealing with it efficiently and, as a result, a reduction down to the 
physiological optimum occurs. Again another question which would 
arise from these results is as to the cause of the observed “ after-effect ” 
of injections. This may be that the bone marrow was so stimulated, 
that instead of a regression to normal conditions upon the stoppage of 
injections, it continued to produce red cells and pour them into circu- 
lation. However, this new formation is very unlikely since it occurred 
even in some rabbits that were unresponsive or responded very little 
during the period of injections and since no such “ after-effect ” was 
observed for the reticulocytes. The only other alternative seems to be 
that the already-formed blood may be stored in the bone marrow or 
the spleen sinuses and be poured into the circulatory system only after 
the injections have been stopped. 

The failure of hemoglobin concentration to increase to the same 
extent as the erythrocytes during the period of injections led to a decrease 
in color index. A similar reduction was noted by us in our earlier 
experiments (Terzio6lu, 1945) and was attributed to the lack of iron 
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in the diet of rabbits on the acid diet. Thus upon the administration 
of ferrous chloride to these animals, the color index rose to, or above 
unity. Both of these results indicate that the newly-formed red cell 
does not possess its full amount of hemoglobin, and that the latter is 
either formed from a pre-cursor within the cell while in the circulatory 
system or else is acquired elsewhere outside of the bone marrow. Thus 
this completion of the acquirement of hemoglobin outside of the bone 
marrow has been suggested in literature by several workers. . Isoto- 
manowa (1930) claimed that all erythrocytes liberated from the marrow 
were reticulocytes, and that ripe red blood cells were not stored in 
bone marrow. Recently Nizet (1947), by labelling erythrocytes of one 
dog with phenylhdrazine and delivering them through crossed circu- 
lation into another, concluded that no ripe corpuscles are stored in the 
bone marrow, and that all red cells achieve their ripening in circulating 
blood. Reimann (1942) who investigated the relation of reticulocytes 
to hemoglobin formation in cases of pernicious anemia noted that at 
least a third of the total quantity of hemoglobin normally present in 
blood is formed outside of the bone marrow, as demonstrated by in 
vitro experiments. In another paper (Reimann, 1943) dealing with the 
same subject, Reimann cited the reticular substance as the most pro- 
bable seat of hemoglobin formation. According to him, this substance 
after having completed its task is expelled, as the nucleus, from the 
mature erythrocyte. 

Heath and Daland (1930) similarly concluded that reticulocytes 
attain their maturation by loss of their Reticular substances within the 
circulatory system. They incubated blood at various temperatures and 
made reticulocyte and erythrocyte counts at various intervals thereafter. 
They found that as the number of reticulocytes decreased, the total 
number of red blood cells in the incubated tubes .remained the same. 

Our results on the increase in the number of reticulocytes simulta- 
neously with the decrease in color index in both types of acidosis, as 
induced by the feeding of an acidotic diet or by injection of glucose 
solutions, indirectly substantiate the hypotheses of the above workers 
in regard to the maturation of reticulocytes while within the circulatory 
system. 

In conclusion, the results of the present experiments indicate that 
injections of hypertonic glucose as well as equimolar sucrose solutions 
stimulate regeneration in that an increase in total blood volume, erythro- 
cyte and reticulocyte counts and hemoglobin concentrations is produced. 
Since according to experiments of Eroz and Terzio6lu, a reduction 
in alkali reserve as well as a diminution in blood- and urine pli values 
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was obtained with the same dosage of glucose administered, in the 
light of our previous findings (Terzioglu, 1945), this blood-regenera- 
ting-effect of glucose was attributed to changes in the acid-base equili- 
brium of blood. The failure of rabbits in our second series to respond 
to glucose injections may seem to be in contradiction at first sight; but 
when one considers that little or no effect of glucose administration 
on the acid-base equilibrium of rabbits experimented upon during the 
same period was obtained, this paradox seems to be a strong evidence 
for our theory. However, the similar effect of sucrose solutions on 
blood regeneration cannot be attributed to changes in acid-base equilib- 
rium since no reduction in alkali reserve upon the administration of 
this carbohydrate was obtained. Therefore the cause for regeneration 
under these conditions must be sought elsewhere. 


Summary 

1) In the three series of experiments, arranged according to the 
season of experimentation, the effect of glucose acidosis, as induced by 
injections of a 25 % glucose solution in a daily dose of 2 grams of 
glucose per kilo of body weight, on blood regeneration has been investi- 
gated. 

2) In the rabbits of the first and third series experimented upon in 
the winter and spring seasons, there was an increase in blood volume, 
by the end of the four week injection period as determined by the dye 
method, using colloidal dye Geigy-blue. Generally the increase in 
blood volume during the first two weeks was of a greater magnitude than 
that during the latter half of the period. Two to four weeks after the 
termination of injections, the blood volume was reduced to, or below 
normal in some of the rabbits, while in others an “ after-effect ” of 
injections in the nature of a further augmentation was observed. 

3) It was found that in rabbits of the first and third series, there was 
a large augmentation in total erythrocyte count and hemoglobin concen- 
tration, though the increase for the lattei^ was not as general and as 
marked in extent as for the former. Just as it was observed for the 
blood volume, the marked increase in erythrocyte count and hemoglobin 
concentration during the first two weeks was not generally sustained 
to the same extent by the end of the fourth week. Moreover, in some 
of the rabbits the “ after-effect ” of injections in promoting a further 
erythropoesis appeared two weeks after the termination of injections. 
Possible explanations are offered for these two observations common to 
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changes in blood volume, erythrocyte count, and hemoglobin concen- 
tration. 

4) The finding that the increase in hemoglobin concentration was 
not of an equal magnitude as that for erythrocytes was further verified 
by the diminution in color index, under the conditions of glucose 
acidosis. This is attributed to the flooding of the circulatory system 
by immature red cells which do not possess the normal quota of hemo- 
globin, when the bone marrow is over-stimulated. Thus, the simul- 
taneous increase in the number of reticulocytes of glucose-injected 
rabbits substantiates this attribution. 

5) The increase in the total volume of blood as well as the red cor- 
puscles in rabbits injected with a hypertonic glucose solution is attri- 
buted to changes brought about in the acid-base equilibrium of blood. 
Thus a reduction in alkali reserve, urine- and blood pH values has 
been observed (Eroz and Terzio6lu, 1949) when starved rabbits were 
injected with the same dosage of glucose as employed in the present 
experiments. Under the conditions of glucose acidosis so induced, the 
bone-marrow may be stimulated to over-activity by the increase of 
H-ions in the blood stream, as had been postulated for the interpre- 
tation of our previous results (Terzio6lu, 1945) on the effect of acid- 
producing diet on blood regeneration. 

6) The results in the second series experimented upon during the 
hot months of June and July are in disagreement with those of the 
first and third , in that no effect of glucose administration on blood 
regeneration was observed in the former. Since similarly no signi- 
ficant variation in acid-base equilibrium of blood was obtained upon 
the administration of glucose to starved rabbits during this month, 
the lack of regeneration can be explained by the absence of acidosis 
and therefore of the stimulating-effect of H-ions on the bone marrow. 

7) The control animals in the first series injected with isotonic-salt 
solution and those in the second injected with equimolar sucrose solution 
yielded no regeneration of blood. However, the control rabbits of the 
third series injected with an equimolar sucrose solution revealed some 
augmentation in blood volume as well as an increase in erythrocyte 
count and hemoglobin concentration. The possible causes for these 
changes due to sucrose administration are discussed. 

The authors of the preceding and the present articles wish to express their gratitude 
and thanks to professor H. Winterstein for his valuable suggestions and criticisms along 
the progress of this work as well as in the writing of this manuscript. Thanks are also 
due to Mr. Ayhan Soncar for helping with blood counts and hemoglobin determinations 
in the third series of experiments. 
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£cole NATIONALE VETERINAIRE DE LYON 


SUR LA TOXICITE DE L'ALPHA-NAPHTYLE-THIOUREE 


PAR 


A. BRTON 


(Travail repu le 5 - 3 - 1949 J. 


Nous nous sommes propose dans le present travail d’etudier Taction 
toxique de l’alpha-naphtyle-thiouree (Antu par abreviation) sur 
diverses especes animates, au point de vue clinique et anatomo-patho- 
logique, de fafon a etablir d’une part les doses mortelles, et d’autre 
part son mode d’ action sur l’organisme. 

On sait que l’Antu est preconise depuis quelques annees comme 
raticide. A cet egard il est employe sur une tres large echelle en certains 
pays, aux U.S.A. notamment. Si Ton dispose d’amples renseignements 
sur les resultats pratiques obtenus par son emploi, en revanche, les 
doses toxiques exposees par certaines publications ne concordent pas 
toujours. D’autre part il n’existe, a notre connaissance, aucune etude 
histologique sur les lesions produites par ce corps, et qui peuvent 
expliquer comment il intoxique. Nos investigations ont porte, outre 
les rats, sur quelques especes domestiques susceptibles de s’empoi- 
sonner experimentalement, et sur les animaux de labotaroire. C’est le 
resultat de ces recherches que nous exposerons ici. 

L’antu qui a servi a ce travail nous a aimablement ete remis par 
Philips Electrical Co. Il est fabrique par i’Aldan Chemical Co., Chester. 
U.S.A. Il s’agit d’une preparation commerciale renfermant 15 % d’Antu 
et ^5 % d’excipient pulverulent. Ce produit, qualifie Antu 15 %, est 
une poudre tres fine, impalpable, gris bleute, insoluble dans 1’eau, 
mais formant avec les corps gras, et notamment les huiles vegetales 
des suspensions homogenes stables. Il est inodore, et, pour Thommc, 
insipide. Nous verrons qu’il n’en est pas de meme pour toutes les 
especes animales. 
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i. — Effets sur le Rat d’egout ou Surmulot 
(Mus decumanus, Rattus norvegicus) 

a) Protocole experimental. — Les rats ont ete captures a la nasse 
dans les egouts et dans les resserres des Halles de Lyon. L’Antu leur 
a ete presente de deux fagons : en ingestion forcee ou sur des appats 
(viande ou graisse impregnees du toxique); et simplement depose sur 
le sol. Quelques rats ont accepte les appats sans aucune difficulte : il 
convient meme de remarquer tout de suite, car ce point est important, 
qu’ils n’ont manifeste aucune reaction pouvant etre provoquee par une 
sensation gustative desagreable. II nous est meme arrive d’ observer 
un rat qui lechait PAntu qu’on lui presentait sur du coton hydrophile 
tenu a l’extremite d’une pince, sans aucune substance alimentaire. 
Mais dans les autres cas, en raison de P extreme reserve de ces animaux 
maintenus en captivite, nous avons ete dans Pobligation de proceder a 
l’ingestion forcee. 

Les rats sont sortis de la nasse, et places dans un bocal de verre dans 
lequel on pulverise du chlorure d’ethyle anesthesique. D’autre part, 
PAntu est mis en suspension dans l’huile vegetale, en quantite conve- 
nable selon le poids du rat. Aussitot que l’anesthesie est obtenue, le 
rat est sorti du bocal, entrave avec des pinces, et, des qu’il commence 
a sortir de son etat d’hypnose, on lui injecte dans la bouche, avec une 
seringue, la quantite voulue d’huile chargee d’Antu-15 %• D e cette 
fa5on, le reflexe pharyngien se produit normalement, et nous n’avons 
jamais note de fausse deglutition, qui aurait amene des quintes de toux 
expulsive. Le reveil est complet quelques secondes apres. Le rat est 
alors remis dans une cage grillagee. 

Dans toutes les experiences, un rat est conserve comme temoin, et 
est soumis, lui aussi a l’anesthesie, de fa?on a eliminer la cause d’erreur 
qui viendrait de Paction toxique propre de Panesthesique. En realite, 
nous n’avons pas observe de lesions lentes, notamment hepatiques, dues 
au chlorure d’ethyle; mais dans un certain nombre de cas, des rats 
sont morts de syncope anesthesique. 

Pour les experiences dites de contact, PAntu est depose sur une 
surface plate recouverte d’une cloche de verre. L’aeration est realisee 
sous la cloche par un courant d’air d’ aspiration (tube relie a une trompe 
a vide) et une arrivee d’air frais; un recipient contenant du chlorure de 
calcium assure l’assechement de l’atmosphere. Les rats se meuvent 
librement sous cette cloche. 
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b) Experiences cT ingestion. — Les rats qui ont ingere de PAntu 
presentent au bout d’une demi-heure a deux heures, de la somnolence. 
Ils cessent de se mouvoir, restent tapis en boule, la tete entre les membres 
anterieurs. II reagissent aux excitations exterieures (bruit, approche 
d’un instrument, attouchement) par un reveil brutal qui les fait sur- 
sauter, puis ils reprennent leur attitude somnolente. Ils ne manifestent 
plus d’aggressivite pour Phomme, ou pour les objets qu’on met a leur 
portee. Sortis de leur cage, ils ne cherchent pas a s’enfuir, mais parcourant 
un leger trajet, ils retombent aussitot dans leur sommeil. Au bout d’un 
temps variable avec la dose ingeree, les rats peuvent etre laisses en 
liberte dans le laboratoire. II semble que rien ne puisse les faire sortir 
de leur prostration. Le corps se couvre de sueurs, la respiration s’acce- 
lere. La mort survient apres une periode d’extreme difficulty respira- 
toire, avec ouverture de la bouche a Pinspiration, discordance, tirage 
presternal. 

Le temps de survie, fonction de la dose, peut etre resume dans le 
tableau suivant : 


Dose (en mg par kg de poids vif) 

Survie 

200 

6- 1 z heures 

120 

12 heures 

75 

30-36 heures 

30 

36-42 heures 

15 

45 heures 

xo 

plus de 42 heures (sacrifie pour re- 


colte de tissus frais) 

8,5 

48 heures-survie (30 %) 

5 

survie (100 %) 


En resume, la dose letale est de 10 mg par kilo de poids vif. 

Nous remarquerons que la plupart des auteurs determinent la « dose 
letale mediane », c’est-a-dire la dose qui provoque une mortalite de 
50 % des animaux intoxiques. Le choix de cette unite ne nous parait 
pas judicieux, car, non seulement il necessite, pour chaque experience, 
un grand nombre de sujets, mais encore il n’a pas d’interet pratique, 
puisque ce qui importe, c’est de connaitre la dose qui tue surement 
le rat. Cette dose l’etale moyenne est inferieure a celle que nous deter- 
minons comme dose toxique. Elle varie selon les auteurs, de 4,2 mg, 
a 6,9 mg par kilo. 

Lesions. — Chez tous les sujets, quelle que soit la quantite de toxique 
administree, on trouve de la necrose dufoie. Macroscopiquement l’organe 
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Enfin, nous notons encore des hemorragies des reservoirs digestifs, 
surtout dans la partie antrale de restomac. Ces hemorragies, qui peuvent 
etre profondes, se font jour vers la lumiere de Porgane, et le sang, en 
grande partie transforme en magna noiratre par les sues digestifs est 
retrouve dans le chyme recolte dans l’intestin, et jusque dans les excre- 
ments (Fig. 3). 



Fig. 5 

Chat. — Degenerescence graisseuse 
du foie. 


Fig. 6 

Poulet. — Congestion et hemorragies 
pulmonaires. 


En somme, l’Antu provoque une vaso-dilatation aboutissant a des 
phenomenes congestifs et hemorragiques dans le tube digestif, le foie, 
le poumon, et a une exsudation sereuse dans le poumon et la plevre. 
La somnolence que presentent les sujets est sans doute due a un 
oedeme cerebral qui procede de la meme cause. Le toxique detruit 
precocement le tissu hepatique, par voie de necrose massive. Mais il 
est hors de doute que la mort est surtout le fait de Pasphyxie par hydro- 
pisie pleurale et oedeme pulmonaire. 

c) Experiences de contact. — Le rat gris ne manifeste aucune mefiance 
vis-a-vis de l’Antu depose sur la surface ou il se meut en liberte. En le 
pietinant, il s’en charge les pattes et les poils de la region inferieure 
du corps. Sans manifester de prurit violent, le rat, quelques minutes 
apres, procede a sa toilette par lechage, et l’on peut alors noter qu’il 
absorbe PAntu sans montrer Pinquietude que provoquerait infaillible- 
ment une substance au gout desagreable. Les doses d’Antu ingeree sont 
ainsi toujours considerables car Pintoxication est rapide. La prostration 
commence au bout d’une demi-heure, et la mortalite, qui est de 100 %, 
se produit en moins de 26 heures. 

Les lesions sont, naturellement, les memes que dans les experiences 



3°6 


A. BRION 


d’ingestion : congestion, hemorragies, cedeme du poumon et de la 
plevre, necrose du foie. 

Le fait que le rat ne se mefie pas de PAntu depose sur le sol est 
interessant au point de vue pratique puisqu’il permet d’atteindre ces 
animaux autrement que par des appats qui ne sont pas toujours ingeres. 


2. — Rat noir (Mus rattus, ou rattus rattus) 


De l’avis de tous les auteurs, le rat noir, ou rat des greniers, est moins 
sensible a PAntu que le rat gris. 

Dans nos experiences les survies suivantes sont notees : 


Dose (en mg par kg) 

Survie 

IOO 

10-12 heures 

50 

10-12 heures 

40 

12-14 heures 

20 

15-18 heures 

15 

24 heures 

12 

48 heures-survie (60 %) 


Les symptomes observes, ainsi que les lesions sont exactement les 
memes que pour le rat gris. L’Antu est a peine moins toxique puisque 
la dose letale est de ig mg. par kilog. 


3. — Souris blanche 

Les experiences ont ete conduites de la meme fagon. Les reactions 
sont quelque peu differentes. La souris intoxiquee presente bien les 
memes phenomenes de prostration, mais, ceux-ci sont entrecoupes de 
periodes d’ excitation, pendant lesquelles Panimal saute, grimpe frene- 
tiquement aux parois de la cage, s’agite en tous sens, tremble. 

De plus, PAntu provoque de vives demangeaisons sur les parties du 
corps oil il a ete depose : pourtour de la bouche, pattes, ventre. La peau 
rougit fortement. L’animal se gratte, se frotte, se mord a ces endroits. 

La survie s’etablit comme suit, en fonction des doses : 


Dose (en mg par kg) 

Survie 

375 

5 heures 

180 

io heures 

120 

18 a 25 heures 

75 

survie (too %) 
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L’Antu est done nettement moins toxique pour la souris blanche que 
pour les rats gris et noirs, puisqu’il faut compter sur une dose d 'au 
moins 100 mg. par kg. de poids vif. 

Les lesions sont differentes egalement. Nous n’avons jamais trouve 
d’hydropisie pleurale, et Foedeme pulmonaire, quand il existe, est 
extremement discret et ne frappe que quelques alveoles. Ce qui domine, 
e’est la congestion extremement vive, allant jusqu’a Fhemorragie, dans 
le foie, le poumon, Festomac et l’intestin (Fig. 4). 

Avec des doses faibles, quand F intoxication est assez lente, on remarque 
de la degenerescence graisseuse du foie. 

4. — Cobaye 

Le cobaye est doue d’une grande sensibilite gustative vis-a-vis de 
l’Antu, et quelles que soient les precautions prises, il se refuse a ingerer 
les appats reconverts du produit. Adtame, il broute le pourtour de Fappat 
jusqu’aux endroits ou la poudre a ete deposee et, a partir de ce moment, 
s’abstient totalement. 

L’intoxication, chez lui, se traduit, plus nettement encore que chez 
la souris, par de l’excitation : il court dans sa cage, saute, grimpe aux 
parois, retombe, agite les membres, retrouve difficilement son equilibre, 
pedale en decubitus lateral. 

La dose toxique est de 100 mg. par kg. 

Les lesions consistent surtout en congestion du poumon, du foie, 
de Festomac, avec hemorragies, et en degenerescence graisseuse du 
foie. II n’y a pas d’cedeme pulmonaire. 

5. — Chien 

La sensibilite du chien a Faction toxique de l’Antu est difficile a 
determiner avec precision car cet animal vomit les appats empoisonnes 
avec la plus grande facilite. Lorsqu’on lui administre moins de 200 mg. 
par kg. ce vomissement lui permet de se soustraire a Fintoxication. Il 
faut, par consequent, des doses notablement plus elevees, de Fordre de 
500 mg. par kg., pour que, malgre le vomissement, il y ait absorption 
suffisante de toxique. Le chien permit egalement une odeur ou unc 
saveur a l’Antu, et, spontanement, s’abstient d’en consommer. 

Les symptomes consistent surtout en gastro-enterite et en polypnee. 

A Fautopsie, on trouve, comme chez le rat, un leger hydrothorax, et 
de Foedeme tres accentue du poumon. L’estomac et l’intestin sont 
vivement congcstionnes. Le foie demeure normal, sans degenerescence 
ni congestion. 
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6. — Chat 

Chez le chat, l’Antu provoque essentiellement de la degenerescence 
graisseuse aigue massive du foie (Fig. 5). La presque totalite du paren- 
chyme est lesee : ceci confirme une sensibilite d’espece qui se manifeste 
vis-a-vis de tres nombreux poisons et notamment de tous ceux qui 
renferment un noyau phenolique dans leur molecule. 

Au contraire du chien, le chat ne vomit pas l’Antu qu’il a absorbe. 
L’intoxication se traduit par un etat de torpeur typhique, sans symptomes 
respiratoires nets. 

La dose toxique est superieure a 150 mg. par kg. 

Avec des doses allant de 160 a 200 mg., la mort survient dans un 
delai de 24 a 36 heures. 

7. — Poulet 

Le poulet est extremement resistant a l’Antu, ce qui confirme les 
constatations des auteurs americains, notamment de Richter et Diecke. 
II n’est tue qu’avec des doses de 1 g. par kg. II resiste regulierement a 
^00 mg. par kg. La mortalite est de 30 % avec 700 mg., 60 % avec 
800 mg. 

Les symptomes consistent dans la prostration : les animaux s’isolent, 
dorment, la tete basse, les plumes herissees, refusent toute nourriture. 
Avec 1 et 2 g. par kg., la mort survient en 36 a 48 heures. 

Le foie est atteint de degenerescence graisseuse, et de congestion 
hemorragique. Le poumon presente de la congestion et des hemorragies 
dans les tubes aeriens. II n’y a pas d’cedeme (Fig. 6). 


Conclusions 

La dose toxique d’Antu est etablie de la fafon suivante exprimee en 


mg. par kg. de poids vif : 

Rat d’egout 10 

Rat noir 15 

Cobaye 100 

Souris blanche 120 

Chat . . - 150 

Chien 500 

Poulet 1000 
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L’enorme difference entre les 2 especes de rats sauvages et les autres 
animaux domestiques susceptibles de manger les appats abandonnes 
est favorable a l’emploi de l’Antu comme raticide. Ce dernier provoque 
surtout, chez les rats et le chien un hydrothorax et de 1’cedeme pulmo- 
naire ; chez le chat et le poulet, de la degenerescence graisseuse du foie ; 
dans les autres especes, des phenomenes congestifs et hemorragiques. 

Les phenomenes de somnolence sont les plus importants parmi les 
symptomes que presentent les intoxiques; en particulier, ils font perdre 
aux rats toute possibilite de fuite. Cependant, chez le cobaye, et la 
souris blanche, on remarque, sur un fond typhique, des crises d’hyper- 
excitabilite. 
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KYMOGRAPHIC REGISTRATION OF CEREBROSPINAL 
FLUID PRESSURE (IN DOGS AND CATS) : EFFECTS OF 
ANTIHISTAMINICS AND COMMON DRUGS THEREON ( x ) 


BY 


Bradford N. CRAVER, Anne CAMERON and James SMITH 


(Received for publication 28-2-1949 ). 


An investigation was initiated to determine to what extent the effects 
of histamine upon the pressure of the cerebrospinal fluid (CSF) of the 
dog and cat could be modified by the antihistaminics, 2-(N-Phenyl- 
N-benzylaminomethyl)-imidazoline hydrochloride (Antistine) and N,N- 
Dimethyl - N' - benzyl - N'(alpha - pyridyl) - ethylenediamine monohydro- 
chloride (Pyribenzamine), and to ascertain what effects the antihista- 
minics themselves might have upon the pressure. Since a brief survey 
of the literature failed to reveal a simple method for the continuous 
kymographic recording of CSF pressure it became necessary to improvise 
one. This is described below, for despite its simplicity, it is believed 
it may find application in other problems of neurophysiology. The 
study was subsequently extended to include the reactions of the drugs 
given in Table I. This extension of the study was made with the two- 
fold purpose of: 1) shedding some light on the causes of acute changes 
in the cerebrospinal fluid pressure by a study of the reactions elicited; 
2) summarizing such studies as had previously been reported by others 
and attempting to explain some contradictions that had been encoun- 
tered regarding the effects of certain drugs such as histamine. 


( l ) A preliminary report was presented at the 1948 meeting of the Federated Societies; 
Fed. Proc., 7, 363, 1948. 
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Method 

An ordinary U-tube glass manometer of 5 mm. internal diameter 
fitted with an elongated glass float 5 cm. in length proved sufficiently 
sensitive to record not only drug-induced changes in the CSF pressure, 
but also the slight changes of each respiratory cycle. The manometer 
was connected to the cisterna magna by rubber tubing attached through 
a three-way stopcock to a No. 18 or 20, 1 1/2 inch, short-beveled hypo- 
dermic needle. The needle with its stylet was thrust through the skin, 
subcutaneous fat and fascia and the stylet then removed. The three-way 
stopcock was then attached to the needle and adjusted to allow direct 
escape of the cerebrospinal fluid as soon as penetration had been effected. 
As soon as the cisterna magna had' been penetrated, the stopcock was 
adjusted to connect the saline-filled manometric system with the cisterna 
magna via the needle. The stopcock was firmly held in place by a 
flexible lead clamp. In practice the cannulation was facilitated by 
flexing the animal’s head, on his chest and so maintaining it as he lay 
supine on the table. At the beginning of the experiment it was necessary 
to adjust the level of the fluid in the manometer either by altering its 
height or the volume of contained fluid so that the hydrostatic pressure 
of the fluid in the manometric system equalled that of the cerebrospinal 
fluid in the animal. The attainment of this end was evidenced by an 
unchanging height of the fluid in the manometer with a resultant hori- 
zontal recording. A good connection with the cisterna magna was 
usually evidenced by changes in the recording with each respiratory 
cycle. Inspiration caused little change but during expiration a rise 
followed by a fall was observed, as would have been anticipated from 
the effects of respiration on cerebral blood flow. This is in accordance 
with the changes reported by Carmichael and his associates (1) and 
attributed by them to respiratory fluctuations in the cerebral arterial 
pressure. Figure 1 confirms the sensitivity of the method, since the 
expected rises and fall in CSF pressure from the injection of isotonic 
and hypertonic solutions respectively may be seen to have occurred. 


Results 

In the dog Pyribenzamine usually caused a slight fall in the CSF 
pressure; the occasional rises were brief and minimal. On the other 
hand, Antistine did not alter this pressure. These effects upon CSF 
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This figure illustrates the sensitivity of the system to the injection of isotonic and 
hypertonic solutions which may be seen to have caused the expected rises and falls 
respectively in the CSF pressure. The dose of hypertonic saline which was purposely 
made large to emphasize its action may be seen temporarily to have caused marked 
cardiac inhibition. 
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Fig. 2 

This record illustrates the marked variations that may occur in the responses of the 
CSF pressure to injected histamine. 
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Table I 

Drug effects on arterial, venous, and cerebrospinal fluid pressures 
Influence of anesthetics and species 

Nothing = O Rise = R Fall = F Variable = V 


Dial 1 Ether Chloralose 

i 


i.v./kg. 

T.D. = Total 
Dose 

CSF 

Arterial 

! 1 

Veri. 

, CSF 

, Arterial 

1 

CSF 

| Arterial 

dog 

cat 

dog 

cat 

dog 

dog 

cat 

1 

dog 

cat 

| dog 

! 

cat- 

dog 

cat 

Acetylcholine 

V 

: 

1 F 



F 

I F 

F 

1 F 

! R 

R 

1 F 

I F 

10-25 r 



1 




I 

1 


1 

! 

| 

i 

! 


Aminophylline 

F 

F | 

F 

F 


F 

i F 

R 

F 

! R 

R 

1 F 

F 

2-10 mg. 







1 




' 

1 

> 


Amyl N 0 2 

R 

R 

F 

F 

1 


| 



1 




inhaled 












1 i 

! 


Antistine 

O 


F 


F 

F 

F 

F 

F 

1 Sl.R 

R 

F 

F 

3-10 mg. 


m 


■ 

! 





1 




Atropine 

F 

m 

F 

■ 

■ 

R 

F 

F 

F 

;°- r i 

O 

! F 

R 

0.5-2 mg. 


■ 


1 

■ 









Caffeine 

t 

R 

R 

F 

F 

H 

* R 

R 

F 

F 

R 

R 

F 

F 

1-50 mg. 






i 




: 




Ephedrine 

R 

R 

R 

R 

■ 

R 

R 

R 

R 

1 R 

R 

R 

R 

0.1-0.5 mg. 





■ 

1 





i 



Epinephrine 

R 

R 

R 

R 

F 

i 

R 

R 

R 

R 

R ! 

R 

R 1 

R 

0.25-10 y 

F 

F 

F 

F 


F 

F 

F 

F 

F ! 

F ! 

F j 

F 

Ether 

R 

° 

O 


R 





R 

R 

F 

F 

inhaled 


! 1 





! 

t 

! 

! 

_ 

i 




Histamine 

m 

m 

F 

F 


V 

V 

F 

F 

R 

R 

F 1 

F 

1-250 y 

jfl 

H 




1 






1 


Papaverine 


■ 

F 

■ 


R 

F 

F 

F 1 

R 

R 

F 1 

F 

0.5-20 mg. 


■ 


■ 



1 



1 

I I 




Physostigmine 

■ 

R 

■ii 

F 

! 

: 

R 

0 i 

F ! 

F ! 

0 , 

O ! 

F ' 

F or R 

0.1-0.2 mg. 

■ 


1 



i 


1 ! 

t 


1 

i 

_ 1 


Pituitrin-S 

R 

R 

R 

R 

1 

R i 

R 

R ! 

R j 

R 1 

R i 

1 

R 

R 

1 I.U. T.D. 



1 

1 





1 




) 


Priscol 

R 

R 

F 

: f i ; 

F 

F I 

F ; 

F 

R 

R 

F 

F 

10 mg. 


1 


1 ! i 

i 

1 

1 


1 

{ 




Privine 

I R 

1 R 

' R 

! r 1 

R 

i R 1 

R ’ 

R ' 

R 

R 

R 

R 

10-200 y 

» 


1 

> 1 

1 









Pyribenzamine 

' F 

. R 

V 

' R ' 

F 

V , 

F 

V 

F 

O 

ForR O or R 

3-10 mg. 













NaCl 15 or 

F 

F 

. O 

F 

R 
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R-F 
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pressure were observed despite the fact that both drugs usually caused 
moderate elevations of the blood pressure, probably because they were 
given slowly enough to avoid the hypotensive effect which the rapid 
injection of antihistaminics occasions. In the cat Pyribenzamine caused 
fairly marked elevations of the blood pressure and concomitant increases 
in the CSF pressure. 



Fig. 3 

This record illustrates: r. the usual tendency of the CSF pressure to parallel the 
changes in blood pressure caused by an injected drug; z. the potentiating action of 
an antihistaminic upon the pressor action of epinephrine without a corresponding poten- 
tiation of its action on the CSF pressure; 3. the inhibitory action exerted by an anti- 
histaminic against the hypotensive effect of histamine. 


The actions of histamine upon the CSF pressure were variable and 
unpredictable (Fig. 2), even though an effective dose of histamine 
always caused a fall in the blood pressure in both dogs and cats. At 
times' it caused a monophasic rise or fall of the CSF pressure but more 
commonly a biphasic reaction with the initial phase usually a fall. In 
some experiments the reaction was even triphasic with an initial rise. 
Whatever the response to histamine, the antihistaminics antagonized it 
to about the same extent as they antagonized the hypotensive action 
of the histamine (Fig. 3). 

Epinephrine usually caused parallel increases in both the blood pres- 
sure and CSF pressure but in some experiments a fall in the latter 
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pressure resulted despite a rise in the blood pressure. After the 
administration of an adrenolytic such as dibenzyl -/J-chloroethylamine 
hydrochloride (Dibenamine) in sufficient doses to produce “ epine- 
phrine reversal ”, the effect upon the CSF pressure was invariably a 
fall (Fig. 4). The effects of the other drugs studied are summarized 
in Table I. 



Fig. 4 

The upper record shows that the effect of injected epinephrine upon the CSF pressure 
as well as its pressor action can be reversed by a potent adrenolytic. The sequence 
of events that may lead to syncope after the injection of any potent adrenolytic is also 
illustrated. The lower tracing illustrates the dissociation between the arterial and 
CSF pressures that was occasionally encountered. 
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Discussion 

The results in general accord with those of others, but histamine in 
this respect was a notable exception, which is not surprising in view 
of the wide variety of responses encountered in our own experiments. 
Forbes and his associates (2) reported that in etherized dogs histamine 
was most likely to lower the CSF pressure by decreasing the blood 
flow through cerebral vessels already dilated by the ether. A year later 
in 1930 Loeper, Lemaire and Patel (3) confirmed this result. Wein- 
berg (4) emphasized the state of anesthesia as determining the changes 
in CSF pressure of dogs to be expected from histamine. In unanesthe- 
tized animals a rise resulted, but in animals well anesthetized with 
sodium amytal or Phanodorn a fall was observed. Nagayosi (5), 
however, found in dogs and rabbits that histamine increased the CSF 
pressure. Friedman and Thale (6) studied the effects of histamine 
upon the CSF pressure of humans and encountered only increases. 
Our study of the effects of different anesthetics (Dial, ether and chlora- 
lose) upon the responses of the CSF pressure of dogs and cats clearly 
supports Weinberg’s conclusions as applied to some but not most 
drugs. For the most part, the responses of the CSF pressure to the 
same drugs were qualitatively akin irrespective of the anesthetic, but 
in some instances they were opposed. This was not unexpected for 
animals under chloralose anesthesia, since their vascular reflexes remain 
relatively unimpaired (Fig. 5). The responses of the CSF pressure to 
acetylcholine, histamine and 2-benzyl-imidazoline hydrochloride (Priscol) 
clearly demonstrate how reactions may vary with the anesthetic used. 
Thus, drugs causing hypotension and usually a concomitant change in 
the CSF pressure in animals anesthetized with Dial and ether, not 
infrequently produced a rise in the CSF pressure in animals anesthetized 
with chloralose, even though the hypotensive action remained. This 
was due presumably to unimpaired reflexes designed to maintain the 
cerebral circulation. These results may have clinical application in the 
choice of anesthetic for a patient with an elevated CSF pressure. 

Amyl nitrite always caused a rise in the CSF pressure whenever it 
was administered in a sufficient dose to cause the usual fall in blood 
pressure. This agrees with the results reported by Loeper, Lemaire 
and Patel (7) in 1930 for the dog’ and subsequently confirmed by 
Suenaga (8). Stefan (9) reported that amyl nitrite had the same 
effect on the CSF pressure of humans. 

Caffeine in these experiments invariably gave a rise in the CSF pressure 
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in both cats and dogs, attended by a moderate drop in the blood pressure, 
whereas Denker (io) reported a marked, prolonged fall in the CSF 
pressure. Subsequently Blau (ii) reported inconstant, transient falls 
after caffeine. This probably reflects differences in anesthetics, doses 
and species. 
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Fig. 5 

The increase in CSF pressure caused by histamine injected into animals anesthetized 
"with chloralose is illustrated. In animals so anesthetized, such increases were the rule, 
even after the administration of hypotensive drugs. 

The effects of epinephrine accord in general with those previously 
reported. Tjrechia and Dragomir in 192S (12) reported that epine- 
phrine caused increases in the CSF pressure of humans. W einberg 
in I 933 (4) described similar responses in dogs and stated that they 
were independent of anesthesia. Subsequently Nagasimi (13) and 
later Nagayosi (5) also observed rises in the CSF pressure of dogs 
after the administration of epinephrine. 

Atropine caused variable changes in CSF pressure in our experiments 
in contrast to the rises reported bv Urechia and Dragomir (12) for 
humans, by Kawaguti (14) for rabbits, and by Xasasimi for dogs (13). 
These discrepancies are not surprising in view of the many variables 
that may alter the CSF pressure. 

13 
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It is apparent that the CSF pressure did not always follow the changes 
in arterial pressure. In several experiments the cerebral venous pressure 
was simultaneously recorded via a catheter. .inserted cephalad into the 
jugular vein or by a “ T ” cannula inserted into the jugular vein 
allowing a continuous flow of blood while taking the recording. The 
changes in the venous and CSF pressures were often opposed. 

Since in our experiments adrenolytics given in sufficient dosage to 
cause “ epinephrine-reversal ” caused concomitant reversals of the CSF 
effects of epinephrine, it suggests changes in CSF pressure are usually 
passive reflections of cerebral vascular changes. The tendency of 
hypotensive drugs to cause a rise in the CSF pressure under anesthesia 
with chloralose, which is known to cause minimal obtundation, of the 
vascular reflexes designed to maintain the cerebral circulation, would 
offer additional support for this hypothesis. 

Our experiments have therefore suggested to us that measurements of 
the CSF pressure are indirect measurements of cerebral blood volume, 
a hypothesis that could be indirectly tested by a correlation of direct 
measurements of cerebral blood flow with those of the CSF pressure. 


Summary 

1) Histamine did not cause consistent changes in the CSF pressure. 
The effects caused were antagonized by the antihistaminics, Antistine 
and Pyribenzamine to about the same extent as the hypotensive actions 
of histamine. 

2) In general the effects of the many drugs studied upon the CSF 
pressure paralleled their effects upon arterial blood pressure. 

3) The type of anesthetic agent employed in an experiment sometimes 
exerted a marked influence upon the effects produced by the injection 
of a given drug. 

4) Measurements of CSF pressure are possibly indirect measurements 
of cerebral blood volume. 

5) These experiments have suggested no contraindication to the use 
of antihistaminic therapy in clinical conditions attended by an abnor- 
mally increased CSF pressure. 
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The introduction of curare in modern therapeutics involves a large 
amount of chemical and biological research to find new synthetic 
compounds with therapeutic properties equivalent to curare but 
without its untoward effects. 

The investigation of substituted • ethers of glycerol led Berger and 
Bradley to the introduction of Myanesin, the o-tolylether of glycerol, 
in place of curare as a relaxing compound in anesthesia. Berger from 
the beginning, however, brought evidence, that the site of action of 
the drug is not at the neuromuscular junction as with curare, but in 
the spinal cord. The clinical application of the drug in anesthesia and 
neurology yealded optimistic reports (Mallinson et al.) but also severe 
criticism (Hale Enderby and others), because in some cases hemo- 
globinuria occurred after the intravenous administration of the drug. 
Recently, the drug has been tried perorally for the treatment of spastic 
and hyperkinetic disorders (Berger and Schwartz). It seemed to us 
that a further pharmacological analysis could add new points besides 
confirming some results. 

Partly oiiginal Myanesin (BDH), in injections, partly o-tolylether of 
glycerol were used in our experiments. The compound is poorly 
soluble in water. We dissolved it in 3,5 parts of water, 3,5 parts of 
glycerol and 1 part of ethylalcohol. 

Toxicity tests. 

Berger and Bradley performed a series of toxicity tests. In tests 
for acute tox'city they did not use rats. After intravenous injections 
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in this species in our experiments the median lethal dose (LD 60 ) was 
338 mg/kg (Karber). The results are very close to the 322 mg/kg for 
mice obtained by British authors using the same route of administration. 
Also the corresponding paralysing doses PD 50 169 and 150 mg/kg are 
very similar. 

Our results after intraperitoneal administration of o-tolylether of 
glycerol to mice in the DL 50 differ from Bergers results. He found 



Fig. 1 

Rat in the motility cage. At the arrow ioo mg of the drug were given, i h. indicates 
1 hour after the administration. 


610 mg/kg, we only 356 mg/kg. The PD 50 , however, are again very 
close 170 and 178 mg/kg respectively. Besides various animal strains 
different solvents may cause this difference. 

The clinical picture after increasing doses was also described by 
Berger and Bradley. But our experiments added some new points. 
In rats a dose of 100 mg/kg causes a partial paralysis of the hindlegs 
and a moderate increase in respiratory rates. 13° produces 

a still incomplete paralysis 2 minutes after the injection. In some cases 
blood appears in the urine, 220 mg/kg produces a complete paralysis 
for 20 minutes, or more, the respiratory curve is flat. As a rule 
blood is present in the urine. With still higher doses the same picture 
is maintained but the paralysis lasts for longer periods. (280 mg/kg 
for 2-3 hours). Hemoglobin is always found in the centrifugated 
urine, some animals die. 

Rabbits show after the administration of about 40 mg/kg the head 
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drop sign Complete paralysis occurred after 70 mg/kg. The lethal 
zone starts from 200 mg/kg. High doses change the type of respiration 
into diaphragmatic and sometimes apnoic pauses are seen. The corneal 
reflexes remain positive, after high doses the reflex is dc- From the 
dose 175 mg/kg hemoglobine is always present in the urine. In doses 
from 175-200 mg/kg paralysis is preceded by tonic convulsive move- 
ments. After 1-2 hours, whent the animal recovers, muscular tremors 
sometimes occur. 

In all animal species used, higher doses always produce hemoglobin- 
uria. Berger and Bradley did not describe this in their experimental 
paper. There are, however, clinical reports of this complication in 
clinical practice (Loftus Dale, Pugh and Enderby et al). 

Recently some authors suggested that hemolysis and hemoglobinuria 
could be caused by the solvents and not by the drug itself. (Hewer, 
Wilson et al.). 

Motility cages for rats and mice are a good method for the registration 
of the duration of paralysis. The movements of 4 animals in 4 cages 
were recorded simultaneously on a very slowly revolving long paper 
drum. 

In mice 25 mg/kg does not cause any alteration in motility. 50 mg/kg 
lowers the movements of mice for 25-30 minutes. After 100 mg/kg 
administered intravenously there is a complete loss motility for more 
than one hour. After the administration of 150 mg/kg the animal is 
completely immobile for i|-2 hours, but even after 4 hours normal 
motility is not yet reached (Fig. i). 


The action on the heart , circulation and respiration. 

In the frog s heart (Symes preparation) the height of the contraction 
is decreased after concentrations 1 : 20.000. The -individual results 
however showed considerable quantitative variation, because the expe- 
riments were performed in Spring. But from the concentration 1 : 8000 
a regular slowing of the heart rhytm occurred and eventually the heart 
stopped. Even the changes after high concentrations of 1 :• 2000 were 
reversible after washing out. 

20 mg added to the perfusion fluid of the Langendorff preparation 
of the rabbits heart stopped the beat of the heart. 10 mg added to 
t e at perfusion fluid of the isolated rabbits heart auricles (perfused 
at 290 C) lowers the concentration. 25 mg of the drug decreases the 
height of the contraction very considerably. (Volume of the bath 
100 ccm). The addition of 5 microgrammes of acetylcholine causes a 
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summation of both depressions (Fig. 2). The changes of blood pressure 
after the administration of the 
o-tolylether of glycerol were 
followed in anesthetised rabbits, 
cats, dogs and in spinal cats. 

In some experiments on cats and 
dogs the respiration (Gaddums .... .. .._ 

method) the movements of the f . • 

gut and the volume changes of 
the kidney (oncography) were 
also followed. 

In rabbits 1,25 g urethane/kg 
was used as anesthetic. Even Fig 2 

such Small doses as 4 Isolated auricles of the rabbits heart per- 

the O~tolylether of glycerol fused at 29 0 C with Ringer-Locke solution, 

showed a small fall in blood M = M y anesin - Ach = acetylcholin. 
pressure after rapid administra- 
tion. Exceptionally a dose of 8 mg/kg caused a large fall in blood 
pressure (More than 40 mm Hg). There is an almost linear relationship 
between dose and fall of blood pressure in rabbits. Doses which 




Fig. 2 

Isolated auricles of the rabbits heart per- 
fused at 29 0 C with Ringer-Locke solution. 
M = Myanesin. Ach = acetylcholin. 
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Rabbit, Urethane 1,25 g/kg. From above respiration, blood pressure, time in mmutes. 
At the arrow 100 mg of o-tolylether of glycerol was injected into the auricular vein. 
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approach ioo mg/kg cause even after a slow administration a transient 
fall almost to zero (Fig. 3). Some doses were administered intravenously 
through the jugular vein some through the marginal auricular vein. 
Higher doses also alter the respiration, which becomes flat and after 
a temporary acceleration the frequency is less. 

In unanesthetised rabbits the volume and frequency of respiration 
was measured by a spirometer. Higher doses administered by the 

intravenous route into the mar- 


EEi / 
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Fig. 4 

Dog, 5,5 kg. Chloralose o,o8/kg. 

From above : Movements of ’the gut, 
respiration, blood pressure, changes in the 
volume of the kidney (oncographic), stimu- 
lation signal, time in minutes. In the first 
part 20 mg/kg of o-tolylether of glycerol 
were rapidly injected, in the second within 
2 minutes. All injections into the jugular 
vein. 


ginal vein of the ear make again 
the respiration flat, sometimes 
increase the frequency and often 
cause irregularity. 

In cats very small doses do not 
alter the blood pressure so con- 
stantly as in rabbits, the vegetative 
mechanisms play their influence. 
But doses of 20 mg/kg after a 
rapid intravenous administration 
into the jugular vein cause again 
a typical transient depression of 
the blood pressure. In dogs the 
rapid administration of 20 mg/kg 
causes also a typical transient 
fall of blood pressure. But the 
blood pressure remains for a long 
period a little lower than it was 
before the administration. The 
respiration is flat and sometimes 
after rapid administration even 
stops for a moment (Vagal effect ?). 
There is a marked vasodilatation 
of the kidney and a relaxation of 
the gut. 

All this occurs only after rapid 
administration. The same dose 
slowly given does not cause any 


alteration except a flat respiratory 
curve. Higher doses (40 mg/kg) cause a great fall of blood pressure, 
over 60 mm Hg, in dogs, but again it recovers within a few minutes 
(Fig. 4). 


The fall of the blood pressure is not influenced by the elimination of 
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the higher centers in spinal cats (Fig. 5). The dose effect relationship 
is again almost linear. 







Fig. 5 

Spinal cat 3100 g. At the arrows the corresponding doses of o-tolylether of glycerol 
were rapidly injected into the jugular vein and washed with 1 ccm of saline. 


20 mg of the drug added in 0,2 ccm volume to the perfusion fluid of 


the isolated rabbits vessels ear preparation 
(method of Gaddum and Kwiatkowski) 
causes also a marked vasodilatation (Fig. 6). 

All these effects show, that the o-tolyl- 
ether of glycerol has not only a central 
action on the blood pressure as suggested 
by Berger and Mallinson, but there is 
also a direct peripheral action. The adre- 
naline response of the blood pressure of 
the spinal cat is partially or completely 
abolished by different doses of the o-tolyl- 
ether of glycerol. 20 mg/kg causes a 
partial inhibition of 10 microgrammes of 
adrenaline, 50 mg/kg abolish it (Fig. 7). 

Acetylcholine increases the' blood pres- 
sure fall of the drug. Atropinised animals, 
however, have the same blood pressure 
changes as normal ones. The effect on 
the blood pressure is not the result of 
cholinergic stimulation (muscarine type). 



Fig. 6 

Isolated vessels of the rabbits 
ear, (Method of Gaddum and 
Kwiatkowski). The vessels 
were perfused through the 
tid artery, the perfusion fluid 
was collected from the jugular 
vein. The registration was made 
with Gaddum’s drop-timer. Un 
the ordinate the interval between 
drops was registred. 
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Fig. 7 

Spinal cat. At the first arrow io g of adrenaline were injected into the jugular vein. 
At the second arrow 50 mg of o-tolylether of glycerol (M) and immediately after it 10 g 
of adrenaline were injected. After 5 minutes again 10 g of adrenalihe were injected. 
The response was still inhibited. 


Effect on the isolated gut and uterus . 

A concentration of 1 : 20.000 lowers the tonus of the isolated rabbits 
duodenum. A relaxation of dogs intestines in vivo was seen. The 
drug has also an antihistaminic potency tested on the isolated intestine 
of the guinea pig. 20 mg abolish the effect of 5 microgrammes of 
histamine. 

25 mg of the drug depresses the movements of the isolated strip of the 
rabbits uterus. For about 10 minutes after washing out, the adrenaline 
contraction of the isolated uterus is also abolished, then the reactibility 
returns slowly (Fig. 8). 

The local anesthetic activity as tested previously by 
Berger and Bradley was confirmed (Method of Bulbring and Wajda). 





Isolated strip of rabbits uterus, perfused with Ringer locke at 37 0 C. A = adrenaline, 
M = o-tolylether of glycerol. 

The numbers indicate the time, the drugs were left in the bath before washing out. 
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Curare-like activity. 

The drug as previously stated and also as found by Berger and 
Bradley produces a positive “ head 
drop ” test in rabbits. Berger and 
Bradley thought muscle nerve pre- 
parations unsuitable for the testing 
of curare-like activity, because they 
thought that the local anesthetic 
activity could have a direct influence 
on the nerve. 

We used the rats diaphragm 
preparation of Bulbring stimulated 
through the phrenic nerve and 
determined if any changes in the 
spike of the nerve occur after the 
administration of the drug. 

A decrease in the height of the 
maximal muscle contraction occurs 
after 20-30 mg of the drug added to 
the bath. 150 mg cause complete 
paralysis. 200-500 times lower doses 
of curare produce the same effects 
(Fig. 9). 

50 mg of o-tolylether of glycerol 
added to the bath cause a considerable diminution of the contractions 

within 2-3 minutes. The spike of 
the phrenic nerve after 4-6 minutes 
was unchanged using the same 
dosage. The curare-like activity on 
the rat diaphragm preparation starts 
in lower doses, then the lethal range. 
The decrease of the acetylcholine 
response of the frog rectus muscle 
after curare led Garcia de Jalon to 
the introduction of a method for 
curare testing based on this fact. 
The o-tolylether of glycerol, however, 
produces a contraction of the muscle 
in doses 1 : 1000 and even smaller 
doses, which do not cause this con 
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recorded on one drum, the contractions 
of the gastrocnemius muscle recorded 
with an isometric lever on the second 
drum. Ach = acetylcholine, M = the 
o-tolylether of glycerol, the first dose of 
acetylcholine was injected i minute after 
the o-tolylether of glycerol. All injections 
were made in the volume 0,5 ccm. 



Fig. 9 

Isolated rats diaphragm with phrenic 
nerve perfused at 37 0 C with Tyrode 
solution containing double the amount 
of glucose. Oxygen was supplied in 
fine bubbles. The muscle was stimu- 
lated indirectly to a maximal contrac- 
tions iz times a minute. T = tubo- 
curarinchloride, M = o-tolylether of 
glycerol. The drug was given every 
1 2th minute for 2,5-3 minutes, then it 
was washed out twice. 
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traction, increase the acetylcholine response of the frog rectus muscle. 

A more suitable method for the detecting of changes in the acetyl- 
choline response of the striated muscle is the denervated gastrocnemius 
preparation of the cat, where the acetylcholine contraction of the 
gastrocnemius muscle is caused by intra-arterial injections of acetyl- 
choline into the opposite iliac artery toward the bifurcation of the aorta. 

25 mg of o-tolylether of glycerol injected in the same manner, abolish 
completely the acetylcholine contraction of the muscle. 

10 mg diminish it considerably (Fig. 10). 

Indirect stimulation of the gastrocnemius is diminished only after 
high doses of Myanesin (50-100 mg) administered by the same route 
as before. 

From these experiments it seems that the o-tolylether of glycerol 
influences the myoneural junction in higher doses, but these are not 
yet in the lethal zone. 

The o-tolylether of glycerol is poorly soluble in water. We thought 
it therefore interesting to determine to what extent its properties may 
be influenced by different solvents. We analysed some pharmaco- 
logical properties of the following solvents : 

1) 3,5 parts of water, 3,5 parts of glycerol, x part of alcohol (R). 
This solvent was used for most of our experiments with the o-tolylether 
of glycerol. 

2) Glycerol in water 75 : 105 (G). 

3) Alcohol in water 30 : 175 (A). 

4) Ethylenglycol in water 50 : 60 (E). 

5) Ethylenglycol -f- ethylalcohol in water 20 : 90 : 90 (RE). 

8 ccm/kg of any solvent administered to rats intravenously is well 
tolerated. This corresponds to 800 mg/kg of a 10 % solution of the 
o-tolylether of glycerol. This quantity is well aboVe the LD 100 . Extre- 
mely high volume doses of the solvent R (20 ccm/kg) were in the LD 50 
range and caused convulsions. No blood w£s seen in the urine. 

The solvent RE caused no convulsions, but paralysis, introduced 
by muscular tremor and most of the animals died. All had blood in 
the urine. E was less toxic and more animals survived. But within 
30 minutes after the administration blood occurred in the urine. A 
had the lowest toxicity and no blood occurred in the urine. 

Action of the solvents on the isolated frogs heart, the iso- 
lated gut and isolated uterus. 

The contraction of the isolated frogs heart were lowered by the R, 
A, and RE solvents in doses corresponding to 100 mg of a 10 % solution 
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of the o-tolylether of glycerol. G primarily lowered and secondarily 
increased the beat in the same dose, E increased it. 

Again in the same dose the solvents R and G lowered a little the 
spontaneous contractions of the isolated rabbits uterus but did not 
alter the adrenaline response. The solvents E and RE did not cause 
any changes and A increased a little the spontaneous contractions. 

The solvent R contributes by 20-30 % to the depression of the con- 
traction of the rat diaphragm preparation. 

No solvent causes any spontaneous contraction of the frog rectus 
muscle. The acetylcholine contraction is not changed by the solvent G., 
the solvents A and R increase a little the contraction, the solvents E and 
RE increase the acetylcholine contractions in a considerable way. 


Discussion 

The muscle paralysing action of the o-tolylether of glycerol consists 
besides its central origin, which was demonstrated by Berger and 
Bradley also in a peripheral factor. 50 mg of Myanesin had a curare- 
like activity on the rats diaphragm, 100 mg produced a total paralysis 
within 1 minute. The spike of the nerve remained unchanged for 
4~6 minutes. Also the acetylcholine response of the gastrocnemius 
muscle was lowered by 10-25 m g °f the drug, when this was given as 
well as acetylcholine by the close intra-arterial route. These experiments 
show that although present only in higher doses the peripheral effect 
on the muscle has also some importance. 

The changes in blood pressure occurring after the intravenous admi- 
nistration of the drug, when the interference of the higher centers is 
excluded and the vasodilatation of the perfused of the rabbits ear show 
that the drug has a peripheral action on blood vessels. The drug has also 
a depressing action on frog as well as the mammalian heart, when used 
m higher doses. The action of adrenaline on the blood pressure as 
well as on the isolated uterus of the rabbit is antagonised. The drug 
is not only paralysing for striated muscles but also lowers the tonus 
of smooth muscle organs (uterus, gut) in higher doses. A direct action 
ln higher doses is produced on isolated guts and uterie. 

The blood pressure fall may after a rapid administration of small 
doses be considerable 

A very considerable inconvenience of the drug is the regularily 
occurring hemoglobinuria after higher doses. This was confirmed in 
several animal species. 
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The analysis of several solvents showed that ethylen-glycol in high 
doses caused blood to appear in the urine. The glycerol solvent may 
contribute to the changes on the rat diaphragm but except the diethylen- 
glycol solvents, the hemoglobinuria and vasodilatation in the kidney is 
caused by the drug itself. 

We hope that our experiments may contribute to the explanation 
of some untoward effects which sometimes occur after the intravenous 
administration of the o-tolylether of glycerol in man. 


Summary 

The o-tolylether of glycerol has besides its muscle paralysing activity 
a vasodilating action, partly of peripheral origin. The drug lowers the 
tonus of the isolated gut and rabbits uterus. It inhibits adrenaline 
responses of the blood pressure and isolated rabbits uterus. After 
higher doses hemoglobinuria occurs as a rule in various animal species. 
No solvent containing ethylen-glycol should be used because it produces 
hemoglobinuria in higher doses. 

We are indebted to Mr. Sicho from the United Pharmaceutical Works in Prague for 
the synthesis and supply of the compound. Our thanks are also due to Miss L. VejvodovA 
and Mrs. VitkovA for technical assistance, to Mr. Sip from the Department of Pharma- 
cology for the construction of the motility cages and to Dr. Holubar from the 
Department of Physiology for the spike determinations. 
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Introduction 

Au cours de ces dernieres annees, {’utilisation de substances pro- 
teiques purifiees a permis de grands progres dans 1 etude de la coagu 
Iation sanguine. Parmi les travaux les plus importants, une attention 
particuliere doit etre attachee aux recherches de Baumberger (3) et 
de Lyons (6) qui mettent en evidence le role des groupes thiols dans 
la transformation du fibrinogene en fibrine. Les experiences de Lyons 
demontrent que ce phenomene s’effectue en deux stades. dans le premier, 
liberation des groupes -SH dissimules du fibrinogene; dans le second, 
oxydation de ces groupes et apparition de ponts disulfures, operation 
correspondant a la precipitation de la fibrine. 

Jenner (5), par apres, montre que les corps appeles par Bacq (2) 
'< thioloprives «, c’est-a-dire susceptibles de former des complexes ay 
les groupes thiols, possedent une action inhibitrice sur la coagu atio 
sanguine. 

Le but de ce travail a ete d’etablir 1’eventuelle importance des groupes 
-SH dans le mecanisme de l’hemostase et 1 influence de su sta 
thioloprives diverses sur ce phenomene. 


Technique 

Nous avons utilise la technique de determination du temps de , & 
ment sous eau courante, au niveau de l’oreille du lapin, im ^S 
Roskam (7). Les resultats ont ete interpretes suivant a ^ 
tistique qui a fait l’objet du travail de Roskam et Pauwen (9)- 
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Les substances thioloprives utilisees dans nos experiences ont ete 
introduces dans le liquide de lavage, apres determination, au niveau 
d’une oreille, du temps de saignement moyen temoin. La concentration 
des substances actives dans le liquide de lavage varie de i/iooo a 5/1000. 


ReSULTATS 

Les substances thioloprives utilisees, tres di verses au point de vue 
chimique, furent : l’arsenite de potasse neutralise (a la concentration 
de 5/1000 dans le liquide de lavage), le sublime (5/1000), le dichlorethyl- 
sulfone ou sulfone d’yperite (1/1000) et l’isothiocyanate d’allyl (a satu- 
ration dans le liquide de lavage, c’est-a-dire environ i/xooo). 

Le pH de nos solutions etait, grace a un systeme de tampons, maintenu 
a 7.4. 

Des experiences ont egalement ete realisees avec des corps non doues 
de proprietes thioloprives tels que le 2. 3 dimercaptopropanol ou 
B.A.L. (1/1000) et la combinaison de ce dernier produit avec le dichlor- 
ethylsulfone (1/1000). 

Les resultats detailles de ces experiences sont fournis ci-dessous. 
La figure x represente schematiquement la variation moyenne du temps 
de saignement pour chaque corps etudie. 


1. Arsenite de Potasse. 

2. Sublime. 

3. Dichlorethylsulfone. 

4. Isothiocyanate d’allyl. 

5- B. A. L. 

6. Dichlorethylsulfone + B. A. L. 


Fig. i 



Arsenite de Potasse : Allongement moyen du temps de saignement de 3'24" a 5'54", 
soit une variation moyenne de + 2'3o". 

(Variation par experience: -f- 3'2o", + 4'is", + i'ii", + i'ij"). 
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Sublime : Allongement moven du temps de saignement de 3 '04" a s'si", soit une 
variation movenne de 4 - 2'47". 

(Variation par experience: -f 2' 43", 4 - 2' 13", - 1 - 2 '28", -f 3 '47"). 

Dichlorethylsulfone : Allongement moyen du temps de saignement de 3'25" a 7'8", 
soit une variation movenne de 3'43". 

(Variation par experience: 4 - s'54'', -r 3'i7", ~ 2'i8", — 3'24"). 

Isothiocynate d’allyl : Allongement moyen du temps de saignement de 3 '6" a n'21", 
soit une variation movenne de 4- 8'i 5"- 

(Variation par experience: -f- g'31", i2'$o", — 4'S2", — 549 ")• 

B. A. L. : Allongement moyen du temps de saignement de 3'2" a 3'8", soit une 
variation movenne de — 6". 

(Variation par experience: -f 7", - 1 - iS", ~ 13", — 15'')- 

Dichlorethylsulfone 4- B. A. L. : Abaissement du temps de saignement de 3' 29" a 
2 '4 2 ", soit une variation movenne de — 47". 

(Variation par experience : — 29", — 89”, — 76", 4 - 3”)- 


Discussion 

Nos experiences montrent que les substances thioloprives utilisees 
retardent considerablement 1’ arret des hemorragies. 

Tres diverses au point de vue chimique, 1’arsenite de potasse, le 
sublime, la dichlorethylsulfone et l’isothiocyanate d’allyl ne possedent 
en commun, aux concentrations utilisees, qu’une seule propriete : celle 
de bloquer les groupes -SH de certaines proteines. II est done naturel 
de rattacher a cette propriete leur action sur l’hemostase. La disparition 
de Faction inhibitrice sur l’hemostase de la dichlorethylsulfone une 
fois combinee au B.A.L., qui en sature les proprietes thioloprives, est 
un nouvel argument en faveur de cette hypothese. 

Rappelons que dans nos experiences, les substances thioloprives ont 
^te utilisees en application locale. On ne peut done, pour expliquer leur 
influence sur l’arret des saignements, invoquer le mecanisme suggere 
par Smith (io) et Allen (i) dans leurs recherches sur les etats hemor 
ragipares au cours des traitements par derives de 1 yperite ou par 
irradiation. Chez les animaux ainsi traites, ces auteurs reperent 1 a PP a 
rition dans le sang d’une substance analogue a 1 heparine, responsa e, 
d apres eux, des saignements profus observes dans ces circonstances. 

Parmi les substances que nous avons utilisees, celle qui retar 
plus 1 arret des hemorragies est l’isothiocyanate d alfyl. Le mec 
d action de ce corps, qui s’avera un vaso-dilatateur puissant, 
semblablement double : vaso-moteur en dilatant les vaisseaux 
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empechant sans doute les vaso-constrictions si frequentes au cours des 
traumatismes vasculaires, chimique en retardant la precipitation de la 
fibrine, Les saignements profus auxquels il conduit releveraient done 
de cette pathogenic mixte, vasculo-sanguine, sur laquelle Roskam (8) 
a attire F attention. 

Des recherches actuellement en cours et comportant Fobservation 
microscopique des hemorragies provoquees au niveau des petits vais- 
seaux du mesentere chez le lapin, nous ont montre que le clou hemosta- 
tique se forme dans le meme delai au niveau des plaies irriguees avec 
une substance thioloprive qu’au niveau des plaies observees dans des 
conditions normales. Dans les deux cas, le volume et Faspect du 
thrombus sont identiques. 

Mais le clou hemostatique, meme volumineux, forme sous l’influence 
d’une substance thioloprive, est incapable d’arreter rapidement un 
saignement, parfois meme, rend les hemorragies absolument inco- 
ercibles : il se laisse aisement traverser de part en part par le courant 
sanguin, comme si un defaut de sa texture interne le rendait permeable 
au sang. Nous pensons que ce defaut consiste en une insuffisance de 
precipitation de fibrine entre les elements figures qui le constituent. 


Conclusions 

Il semble done que nous puissions conclure de nos experiences que 
les groupes thiols jouent un role important dans le mecanisme de 
l’hemostase normale : le blocage de ces groupes retarde considerable- 
ment l’arret des hemorragies. 


Resume 

Le T. S. du lapin, mesure par la technique du lavage des plaies, est accru dans de fortes 
proportions par l’arsenite de potasse, le sublime, le dichlorethylsulfone et, surtout, 
l’isothiocyanate d’allyl ajoutes au liquide laveur. L’addition conjointe a ce liquide de 
dichlorethylsulfone et de B. A. L. est, par contre, depourvue de toute action prolongeante 
sur le T. S. Il semble en consequence que le blocage des groupes thiols par ces corps 
retarde l’arret des hemorragies. 


Summary 


The bleeding time of the rabbit is significantly increased when potassium arsenite, 
mercury bichloride, dichlorethylsulfone and, chiefly, allylisothiocyanate are added to 
the washings of wounds. The simultaneous addition of dichlorethylsulfone and B.A.L. 
does not prolong the bleeding time. It seems consequently that -SH blocade by those 
drugs delays haemostasis. 
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(Manoscritto ricevuto il 15-3-1949J. 

In una mia precedente pubblicazione (1) e stata posta l’ipotesi che 
i digitalici agiscano quali trasportatori d’idrogeno e che quindi in- 
fluenzino alcune reazioni enzimatiche fondamentali, particolarmente 
quelle legate alia presenza del difosfopiridinnucleotide e, dati gli stretti 
rapporti fra deidrogenazioni e fosforilizzazioni, quelle connesse con la 
formazione e 1 utilizzazione di composti fosforati ricchi di energia. II 
ruolo essenziale che a questi ultimi spetta in ogni prestazione energetica 
cellulare ha infatti di recente richiamato l’attenzione sulle possibili 
interferenze dei digitalici nelle reazioni cui tali composti fosforati 
partecipano. 

Ricerche sull influenza dei digitalici sulle fosfatasi (a parte quelle 
di Covello ( 2 ) che riguardano 1 ’inibizione della scissione del yS-glice- 
rofosfato da parte della fosfatasi renale) sono state condotte da KiMURA 
e Du Bois (3), i quali hanno provato che strofantina e digitossina inibi- 
scono 1 adenosintrifosfatasi, ed altri processi di defosforilizzazione non 
catalizzati da questo enzima; e da Abdon e Nielsen ( 4 ), i quali osser- 
varono che la scissione enzimatica della fosfocreatina in vitro e lieve- 
mente rallentata dalla strofantina e che quest’ultima potenzia note- 
volmente 1’inibizione prodotta dall’acetilcolina. 

Guerra e Coll, poi, (5), hanno dimostrato che la liberazione di fosfati 
inorganici nel sistema miosina-adenosintrifosfato sodico e accelerata dalla 
ua ama, e suppongono che questo fenomeno costituisca il meccanismo 

azione dei digitalici, data la funzione preminente che nella contrazione 
muscolare esercitano sia la miosina che 1’adenosintrifosfato. 

Queste osservazioni, anche se non tutte inquadrabili nello stesso 
sc ema, porterebbero notevole luce sul problema del meccanismo 
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d’azione dei digitalici, se venisse decisamente dimostrato che la varia- 
zione di tali composti fosforati ha un ruolo essenziale nel meccanismo 
biochimico della insufficienza cardiaca. Le ricerche condotte a tale 
riguardo da Weicker (6), secondo le quali nel cuore isolato, sia in stato 
di ipodinamia che di ipossia, si ha una diminuzione della fosfocreatina 
(F. C.) e dell’acido adenosintrifosforico (A. T. F.), e si ha un loro ritorno 
alia norma ad opera dei digitalici, sono state recentemente contraddette 
da Wollenberger (7), il quale afferma che tali composti non avrebbero 
un’importanza particolare nella biochimica dello scompenso, dato che 
la loro concentrazione nel cuore non si modifica nello scompenso arti- 
ficialmente indotto, e che le diminuzioni riscontrate da Weicker sono 
da attribuirsi all’uso di soluzioni saline come liquido di perfusione e 
non si presentano nella perfusione con sangue. 

Si puo dire che i numerosi tentativi fatti per ricondurre la genesi 
biochimica dello scompenso ad una caduta della concentrazione dell’ A. 
T. F. e della F. C. non sono sin’ora riusciti a chiarire la questione. Da 
una parte Burns e Cruikshank (8), oltre a Weicker, sostengono un 
rapporto tra affaticamento cardiaco e perdita di A. T. F., e Schumann (9) 
e Chang (10) affermano che l’ipossia produce una perdita di A. T. F. e 
di F. G, in maniera reversibile, e che Fattivita cardiaca varia approssi- 
mativamente con la concentrazione della F. C. (vedasi Katz) (ii); 
anche Grauer (12) recentemente ha rilevato tale rapporto tra anossia e 
A. T. F. ; altri autori sostengono invece che, anche in condizioni sfa- 
vorevoli di funzionalita cardiaca, non varia sensibilmente la concen- 
trazione della F. C. (Visscher, 13 ; Pollak, 14; Clark, 15) e dell’A. T. F. 
(Wollenberger, 7). II problema e complicato anche dal fat to che vi e 
una relazione tra concentrazione di F. C. e frequenza cardiaca 
(Wollenberger, 7) e che quindi tutte le cause che variano la frequenza 
del cuore, ne variano pure, per questo solo fatto, il contenuto in F. C. 

Wollenberger ha potuto recentemente (16) dimostrare nel preparato 
cuore-polmoni che la uabaina e la digitossina non producono modificazioni 
del contenuto in A. T. F. e F. C., se non a concentrazioni tossiche; si 
ha allora una notevole diminuzione di F. G, dovuta a rallentata sintesi, 
o ad accelerata scissione di A. T. F., o ad entrambi i processi contem- 
poraneamente ; secondo Wollenberger, I’aumentata scissione di A.T.F. 
potrebbe aversi anche durante lo stadio non tossico, e non si manifeste- 
rebbe, per un aumento dei processi di fosforilizzazione. 

Wollenberger (7) interpreterebbe inoltre l’effetto inotropico posi- 
tivo dei digitalici come dovuto non ad una loro azione sul metabolismo 
energetico, ma sul meccanismo di utilizzazione dei composti fosforati 
ricchi di energia. Tuttavia contro tale opinione si possono citare le 
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osservazioni di Eismeyer e Quincke (17) e di Gremels (18), secondo cui 
il ritorno alia norma, per opera dei digitalici, delPalterato metabolismo 
del cuore reso insufficiente, precede I’effetto meccanico; del pari Wedd 
e Blair (19) fanno notare che l’aumento della contrattilita miocardica 
prodotta dai digitalici e successivo al migliorare della lesione biochi- 
mica. 

Poiche il problema dei rapporti tra digitalici e composti fosforati 
ricchi di energia offre ancora notevoli incertezze, e si presenta d’altra 
parte di primaria importanza nello studio del meccanismo d’azione dei 
digitalici, ho ricercato nel presente lavoro le variazioni prodotte dalla 
uabaina, durante l’incubazione di omogenati di muscoli di cavia, in 
quelle sostanze che rappresentano le tappe principali del metabolismo 
glicidico (glicogeno, glucosio, acido lattico, ac. piruvico), tenendo in 
particolare conto le frazioni fosforate (A.T.F., F.C., esosofosfati, fosforo 
inorganico), in modo da avere un quadro complessivo della serie dei 
processi della glicolisi e da poter eventualmente dedurre il punto 0 i 
punti di interferenza dei digitalici. 

E’ da tener presente che, come ha dimostrato Potter (20), gli omoge- 
nati possono dare reazioni ossidative accoppiate con sintesi d.i fosfati 
ricchi di energia. L’impiego degli omogenati permette poi di escludere 
che le modificazioni metaboliche osservate siano secondarie a variazioni 
funzionali (si ricordi quanto si e detto dei rapporti tra frequenza car- 
diaca e contenuto in F. C.), o siano dovute al modificato tono del 
sistema autonomo. 


Metodo 

Le prove sono state eseguite con uabaina a concentrazione di 1.10' 6 
1.10" 5 ; 1.10' 4 . Si sono effettuate dieci prove per ogni concentrazione di 
uabaina, ed ognuna e stata condotta in doppio. Per ogni prova si usava 
una cavia del peso di circa 350 gr., che veniva uccisa con un colpo al 
capo, e da cui si prelevavano rapidamente circa 20 gr. di muscoli; 
questi erano omogenizzati a o° C., secondo la tecnica di Potter ed 
Elvehjem (21) usando un liquido della seguente composizione : NaCl 
0,8%, KC 1 0,02%, CaCl 2 0,02% MgCl 2 0,005%, NaH 2 P 0 4 0,005%, 
NaHC 0 3 0,02%, glucoso 0,1%, pH 7,5. L’omogenato appena preparato 
veniva centrifugato a bassa velocita per separare le parti in sospensione, 
la cui presenza da luogo ad una rapida scissione di A. T. F. Nell’omo- 
genato il tessuto muscolare risultava infine diluito circa 7 volte, il che 
spiega i valori proporzionalmente bassi ottenuti in alcune frazioni. Le 
prove erano eseguite in termostato ad acqua, alia temperatura di 37,5° C> 
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con agitazione continua dei recipienti contenenti 1’omogenato, in 
equilibrio gassoso con 1’aria. 

La deproteinizzazione era eseguita con ac. tricloroacetico a o° C., in 
modo da averne una concentrazione finale del 4 %. Le operazioni per 
la determinazione delle frazioni fosforate venivano eseguite a o° C. 

Le determinazioni eseguite sono le seguenti : 

glicogeno : metodo di Pfluger, secondo Good, Kramer e Somogy (22) ; 

glucoso : metodo di Hagedorn e Jensen; 

acido lattico : metodo di Charnas e von Furth; 

acido piruvico : metodo di Bueding e Wortis, con lettura al colori- 

metro Leifo, filtro 520. 

fosfati : metodo di Briggs, con lettura al colorimetro Hellige. 

Le varie frazioni fosforate sono state determinate secondo il metodo 
di Kaplan e Greenberg (23), basato sulla separazione in fosfati bario- 
solubili e bario-insolubili. Si indica con P 7 e P 30 rispettivamente il 
fosforo inorganico determinato nella frazione bario-insolubile dopo 
idrolisi in HC 1 N a roo° C. per 7 e per 30 minuti, con P 0 il valore iniziale 
corrispondente al fosforo inorganico « vero », con P 7 . 0 e P 30 . 7 la diffe- 
renza tra P 7 e P 0 e tra P 30 e P 7 , corrispondenti il primo all’idrolisi delPA. 
T. F. e il secondo all’idrolisi dell’esosodifosfato (cfr. Weitzer) (24) ( 1 ); 
dei fosfati bario-solubili la fosfocreatina e stata determinata per idrolisi 
a temperatura ambiente per trenta minuti in presenza di molibdato 
d’ammonio in H 2 S 0 4 N, e il glucoso- i-fosfato come quella parte della 
frazione di fosforo alcol-insolubile idrolizzata in dieci minuti in HC 1 
N a ioo° C. (v. Umbreit, Burris e Stauffer, 25). 

I dati ottenuti sono stati sottoposti ad analisi statistica secondo il test 
« t » di Student, indicando la loro significativita con il valore « P « 
corrispondente (v. Fisher, 26) : si considerano convenzionalmente 
significativi quei valori corrisppndenti ad un «P » non superiore a 0,05* 


Risultati 

Dai risultati raccolti nella tabella si puo notare che negli omogenati 
si ha, accanto ai fenomeni glicolitici, una sintesi dei composti fosforati 
ricchi di energia (ATF e FC) ; il glicogeno e scisso rapidamente anche 
in presenza di glucoso alio 0,1 %, segno che negli omogenati prevalgono 
a questo riguardo i processi di scissione su quelli di resintesi. Lascissione 


F) In tali condizioni I’esosodifosfato si idrolizza per circa il 5 ° %> come <l* mos 
le curve di Lohmann (48). 
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del glicogeno e accentuata dalla uabaina, in maniera proporzionale 
alia concentrazione d.i quest’ ultima. La formazione di glucoso in eccesso 
rispetto alia quantita presente prima delPincubazione fa supporre una 
notevole attivita fosfatasica, con scissione di parte dei vari esteri eso- 
sofosforici. La quantita di glucoso che cosi compare, subisce notevoli 
variazioni da prova a prova tanto che le differenze dovute alia uabaina 
non appaiono significative («P» = 0,4 — 0,7). Si ha inoltre in presenza di 
uabaina una diminuzione del glucoso- i-fosfato ed un aumento delPeso- 
sodifosfato. Per concentrazioni di uabaina di i.io * 6 I’acido lattico 
compare in misura leggermente superiore e Pacido piruvico in quantita 
lievemente inferiore rispetto al controllo; a concentrazioni maggiori 
si ha il fenomeno opposto, ed il rapporto ac. lattico/ac. piruvico risulta 
abbassato. 

In presenza di uabaina i fosfati inorganici compaiono in quantita 
maggiore rispetto al controllo, proporzionalmente alia concentrazione 
di uabaina; pure proporzionale alia concentrazione di uabaina e la 
diminuzione di ATF e di FC. Determinazioni eseguite a parte, e non 
riportate, del fosforo acidosolubile totale non dimostrano variazioni 
apprezzabili tra controllo e saggio con uabaina, mentre un lieve aumento 
si ha tra il valore iniziale ed il controllo. 
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Discussione 

L’aumentata scissione di glicogeno che risulta dai miei esperimenti, 
s’accorda, pur nelle particolari modalita di esperimento — (omogenati) 
— con numerosi reperti della letteratura (Liebig, 27; Haendel e 
Munilla, 28; Bomskov e Coll., 29; Schlesinger, 30; Tosizumi, 31; 
Freud, 32; Chernes, 33). Haarmann (34) pote dimostrare a questo 
proposito che il glicogeno aggiunto a pappa muscolare e scisso piu 
rapidamente in presenza di strofantina (iO' 6 -iO‘ 4 ); vi sono tuttavia a 
questo riguardo alcune voci discordanti : trovarono infatti aumento di gli- 
cogeno nel cuore per somministrazione di digitalici : D’Alessandria (35) 
con osservazioni istologiche, Lasch e Triger (36), per effetto di sommi- 
nistrazione prolungata di strofantina, Hahn (37) come segno di accumulo. 
L’aumentata scissione di glicogeno e la diminuzione del glucoso-i-fosfato 
indicano un’accelerazione delle prime tappe della glicolisi ad opera 
della uabaina. Tale accelerazione e dimostrata anche, per dosi di 
uabaina di 1.10' 6 , dall’aumentata formazione di acido lattico; un’acce- 
lerazione della glicolisi anaerobia e stata gia da tempo dimostrata con 
ricerche in anaerobiosi (Freud, 32; Haarmann, 34). 

Per concentrazioni di uabaina di i.io' 6 si ha una diminuzione del- 
l’acido piruvico, fatto che, data l’aumentata glicolisi, con aumentata 
formazione di acido lattico, devesi interpretare come dovuto ad una 
maggiore ossidazione dell’acido piruvico; un’aumentata capacita ossi- 
dativa dei tessuti per azione dei digitalici a basse concentrazioni e 
provato d’altra parte da ricerche manometriche (Levy, 38; Wollen- 
berger, 39; Finkelstein e Coll., 40). 

Per concentrazioni superiori di uabaina (io' s -io' 4 ) 1 acido lattico 
compare in minor quantita e si ha un accumulo di acido piruvico, 
cosicche il rapporto acido lattico/ac. piruvico si abbassa. Questo e gia 
stato posto da me in rilievo (1) ed attribuito ad un’influenza dei digi- 
talici sul sistema lattico- deidrasico, molto probabilmente per un’azione 
sul coenzima. La diminuzione dell’acido lattico non e dovuta a sua 
minor formazione : infatti si ha aumentata scissione di glicogeno e di 
glucoso- i-fosfato ; inoltre in condizioni anaerobiche, — come dimostrano 
le ricerche precedentemente citate, — o in condizioni di inibizione 
ossidazioni (mie precedenti esperienze (1) con NaCN), 1 
causano una maggior formazione di acido lattico, d altra parte ^ 
parsa del lattato aggiunto e accelerata dai digitalici, come o g 
notare (1) e come ho potuto riconfermare negli omogenati, s q 
di fronte ad un reale spostamento dell’equilibrio ac. lattico ■*— P 
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L’accumulo dell’ac. piruvico e dovuto, oltre che alio spostamento 
dell’equilibrio suddetto, ad una inibizione della sua ossidazione, che ho 
potuto ad ogni modo constatare ricercando la scomparsa del piruvato 
aggiunto ad omogenati; una tale inibizione s’accorderebbe coi risultati 
di numerose ricerche manometriche, secondo le quali i digitalici per 
concentrazioni dell’ordine di io- 5 -io- 4 , diminuiscono il consumo di 
ossigeno di fette di tessuti (Wollenberger, Levy, etc.). A questo pro- 
posito le ricerche di Mardones e Coll. (41), di Freiherr (42), di 
Freud (32) e di Mel’Nikova (43) dimostrano una maggiore scomparsa 
del lattato aggiunto al cuore isolato, per azione dei digitalici; Niemeyer 
e Coll. (44), poi, dimostrano che la digitale accelera la scomparsa del 
lattato, ma non del piruvato aggiunto. Le mie osservazioni, che dimos- 
trano un’inibizione del metabolismo delPacido piruvico per dosi elevate 
di uabaina, presentano una notevole analogia con le esperienze di 
Baer (45) che provano un’inibizione della piruvicossidasi ad opera 
della protoanemonina, per blocco dei gruppi tiolici dell’apoenzima; 
la struttura della protoanemonina, un y-lattone insaturo, aggruppamento 
pure presente nei digitalici, fa supporre un meccanismo simile anche in 
questi ultimi, meccanismo che, gia da me supposto in precedenza, 
potrebbe avere una notevole importanza nella comprensione dei fenomeni 
tossici. In favore di questa concezione starebbero le osservazioni di 
Redonnet (46) secondo cui la tossicita dei digitalici e ridotta a meta per 
somministr azione di dimercaptopropanolo (noto donatore di gruppi SH), 
ed il fatto che numerose sostanze ossidanti e reagenti con i gruppi 
sulfidrilici (H 2 0 2 , iodoacetamide, o-iodosobenzoato, etc.) possono pro- 
durre, come i digitalici, arresto sistolico del cuore di rana (Mendez e 
Peralta, 47). 

Le differenze notate a proposito dell’acido lattico e dell’acido piruvico 
a seconda della concentrazione della uabaina, possono interpretarsi 
supponendo che alia concentrazione di 1.10' 6 lo spostamento dell’equi- 
librio ac. lattico ^ ac. piruvico non sia ancora tale da compensare la 
maggior produzione di ac. lattico dovuta all’accentuata glicolisi; infatti 
a tale concentrazione digitalici hanno gia un effetto accelerante la scom- 
parsa del lattato aggiunto (1); inoltre nelle emazie, di cui e noto il 
contenuto relativamente basso di glicogeno, si ha una minor comparsa di 
ac. lattico anche per tali concentrazioni di uabaina (1). 

La maggior formazione di fosfati inorganici in presenza di uabaina 
indica una maggior scissione di fosfati organici, in parte dell’ATF e 
della FC, e probabilmente anche di altri composti, per ora non specifi- 
cabili. Un aumento del fosforo inorganico e stato osservato pure da 
Weicker (6) per azione della strofantina a concentrazioni elevate. 
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In miei dati riferentisi ad una maggior scissione dell’ATF ad opera del 
la uabaina si accorderebbero con i risultati di Guerra e Coll. (5), rife- 
rentisi ad una accentuazione della scissione dell’ATF per azione della 
miosina, e con quelli di Wollenberger (7) e Weicker (6) riguardanti 
la scissione dell’ATF e della FC nel preparato cuore-polmoni ad opera 
dei digitalici a concentrazioni elevate, ed appoggerebbero, almeno in 
parte, l’opinione di Wollenberger di una migliore utilizzazione dei 
composti fosforati ricchi di energia per effetto dei digitalici. 

L’inibizione dell’adenosintrifosfatasi, notata da Du Bois e Kimura (3) 
in contrasto con l’accentuata scissione osservata da Guerra e Coll, 
e da me, potrebbe ricondursi ad un fenomeno aspecifico dovuto ad es. 
al blocco dei gruppi sulfidrilici ad opera dei digitalici, e non avere diretta 
relazione col problema del meccanismo della uabaina, del pari alle 
altre osservazioni di inibizione della scissione della FC (Abdon e 
Nielsen, 4) e del glicerofosfato (Covello, 2). 

La maggior scissione dell’ATF puo rend ere conto, almeno per una 
gran parte, della diminuzione del glicogeno e del glucoso-i-fosfato, e 
dell’aumento dell’esosodifosfato, il quale si forma dal glucoso-i-fosfato 
per fosforilizzazione mediante l’ATF; inoltre ci da ragione della dimi- 
nuzione della FC, la quale e in equilibrio con l’ATF e segue Ie variazioni 
di questo. Tale accentuata scissione dell’ATF, impregiudicata restando 
alio stato attuale delle conoscenze la questione della sua resintesi, puo 
dare infine ragione della piu rapida glicolisi sino all’acido lattico, che 
infatti si accumula sinche, a concentrazioni maggiori di uabaina, inter- 
vene con maggior peso lo spostamento a destra dell’equilibrio ac. lattico 
ac. piruvico. Dato che il metabolismo cardiaco e essenzialmente 
ossidativo, con utilizzazione dell’ac. lattico in prevalenza su quello del 
glucoso e del glicogeno, potrebbe questo essere uno dei vari meccanismi 
messi in gioco dal cuore insufficiente, sotto l’azione dei digitalici. 


CONCLUSIONI 

I digitalici, nelle condizioni sperimentali qui considerate (omogenati), 
dimostrano una notevole influenza sui processi che conducono 
glicogeno all’acido lattico e all’acido piruvico, attraverso la formazione 
di esteri fosforici ed in correlazione alle variazioni accoppiate sia 
fosfocreatina che dell’adenosintrifosfato. , .. 

L effetto dei digitalici che offre maggiori possibilita interpretatne 
loro azione utile e l’accentuata rimozione dell’acido lattico e la maggior 
scissione dell’adenosintrifosfato, che, in ultima analisi, fornisc 
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tamente Penergia per la contrazione. La maggior parte delle altre 
variazioni biochimiche appare conseguenza di quest’ultima. 

L’aumento della glicolisi con maggior consumo di glicogeno potrebbe 
essere uno dei meccanismi che il cuore mette in opera per mantenere la 
fornitura energetica quando, insufficiente, non possa piu ricorrere al 
normale metabolismo ossidatico, sopratutto delPacido lattico. 


Summary 

Ouabaine, at concentrations of i.io' G -i.io" 5 -i.io" 4 , produces on the muscular homo- 
genates of guinea-pigs the following metabolic modifications, proportionally to its 
concentration : 

1) Diminution of glycogen and of glucose- 1 -phosphate; greater formation of hexo- 
sediphosphate; 

2) Diminution of adenosintriphosphate and of phosphocreatine; 

3) At the concentration of i.io’ 8 it hastens the lactic acid’s formation and reduces 
the pyruvic acid’s production; at greater concentrations the lactic acid’s formation is 
reduced and the pyruvic acid accumulates. 

The fastened glycolysis and the greater breackdown of the energy-rich phosphates, 
as well as the shift of the equilibrium lactic acid ^ pyruvic acid are discussed in relation 
to the mode of action of the digitalis bodies. 
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INFLUENCES DU TETRA-ETHYL-AMMONIUM 
SUR L’ACTION MYOTIQUE 
DES DI - ISOPROPYLFLUOROPHOSPHONATE, 
ACETYLCHOLINE, ESfiRINE ET PILOCARPINE 

(With Summary) 

PAR 

C. HEYMANS et A. HOORENS 

(Travail refu le 24-3-1949 

Nous nous sommes proposes, dans ce travail effectue chez le chien, 
de preciser les mecanismes d’action pharmacologique de differentes 
substances myotiques. 

1. — Action pupillaire du tetra-ethyl-ammonium. 

On sait que le tetra-ethyl-ammonium (TEA) paralyse les synapses 
vegetatifs. Cette action synaptolytique n’est pas precedee, comme 
pour la nicotine, d’une phase de stimulation (1, 2). 

L’injection intraveineuse (10-15 m g/kg) de TEA determine une 
mydriase tres prononcee; les pupilles ne reagissant plus a la lumiere. 

L’installation oculaire de TEA (1-10 %) ne modifie pas la diametre 
pupillaire du chien. 

L’injection sous-conjonctivale de TEA (0.2 cc. 10%) ou 1 injection 
intra-camerienne de TEA (0.1 cc. 0.25 %) provoque une legere 
roydriase ; la pupille continuant toutefois a reagir a la lumiere. 

L injection sous-conjonctivale de TEA a forte dose (0.45 cc - 10 ^) 
provoque une mydriase maximale; done avec participation active du 
dilatateur. Le reflexe a lumiere est aboli. 

2. — - Influence du tetra-ethyl-ammonium sur le myosis provoque par le 
di-isopropylfluorophosphonate (DFP) et V acetylcholine. 

On sait que ledi-isopropylfluorophosphonate(DFP)declenche une serie 

de reactions, dites cholinergiques, caracterisees par de la bradycardie, 
du bronchospasme, de l’hyperperistaltisme, de la salivation et du mysosis. 
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Comme le DFP inactive les cholinesterases, de nombreux auteurs (3 a 9) 
attribuent les reactions, declenchees par le DFP, a une mecanisme 
dit cholinergique, c’est a dire a Paction de Pacetylcholine. 

L’installation oculaire repetee d’une solution aqueuse ou huileuse a 
1-2 °/ 00 de DFP, provoque un myosis tres persistant chez le chien (9). 

Lorsqu’on administre, ensuite, 10-15 mg/kg de TEA en injection 
intraveineuse, le myosis provoque par le DFP, disparait aussitot et fait 
place a de la mydriase. Cette mydriase disparait environ 30 min. apres 
Pinjection de TEA. 

L’ injection sous-conjonctivale ou intra-camerienne d’ acetylcholine 
chez l’oeil en myosis partiel par le DFP, declenche rapidement un myosis 
total. 

L’injection sous-conjonctivale ou intra-camerienne d’acetylcholine 
chez l’oeil normal, determine egalement un myosis tres net. 

L’injection intraveineuse de 10-15 mg/kg de TEA n’a aueune 
influence sur le myosis acetylcholinique. 

3. — Tetra-ethyl-ammonium et myosis par Veserine. 

On sait que l’eserine provoque du myosis. 

En ce qui concern e le mecanisme du myosis eserinique, rappelons 
que la section et la degenerescence des fibres post-synaptiques de 
Pinnervation parasympathique de la pupille, supprime ce myosis (10, 11). 
Les jonctions neuromusculaires de Pinnervation parasympathique du 
sphincter irien doivent done etre intactes pour que le myosis eserinique 
puisse se produire. 

Rappelons que le curare et la nicotine, substances paralysantes des 
synapses et des jonctions neuromusculaires motrices, empechent et 
suppriment le myosis eserinique. 

Differents auteurs ont emis Phypothese d’apres laquelle l’eserine, en 
inactivant les cholinesterases, determinerait une accumulation d’acetyl- 
choline au niveau de la peripherie de Pinnervation parasympathique du 
sphincter irien. L’acetylcholine serait done l’agent chimique interme- 
diaire provoquant le myosis eserinique. 

L installation d’eserine dans l’oeil du chien determine un myosis 
tres prononce. L’injection intraveineuse de 10-15 mg/kg de TEA 
entraine une regression immediate et importante du myosis eserinique, 
et provoque de la mydriase, si l’on a instille de faibles doses d’eserine. 

4 - — Tetra-ethyl-ammonium et myosis par la pilocarpine. 

On sait que 1 installation de pilocarpine dans le cul de sac conjonctival 
determine un myosis intense et prolonge. 
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Contrairement a Peserine et le DFP (9) ; la pilocarpine provoque 
encore le myosis apres section et degenerescence de 1’innervation 
parasympathique de 1’iris. 

Le myosis par la pilocarpine, comme le myosis par Pacetylcholine, 
est meme plus intense chez l’oeil prive de son innervation parasym- 
pathique que chez l’ceil normal. La pilocarpine et Pacetylcholine se 
differencient done tres nettement du DFP et de Peserine, en ce qui 
concerne le mecanisme de leur action myotique. 

L’instillation de pilocarpine dans le cul de sac conjonctival de l’ceil 
du chien normal provoque un myosis prononce. L’injection intraveineuse 
de 10-15 nig/k; g de TEA n’a pas d’influence sur ce myosis. 

Ces observations experimentales montrent done que le myosis par la 
pilocarpine n’est pas supprime par le tetra-ethyl-ammonium. La pilo- 
carpine se comporte done, a ce point de vue, comme Pacetylcholine, 
mais non comme le DFP et Peserine. 


Resume et Conclusions 

1) Le tetra-ethyl-ammonium, en injection intraveineuse, provoque 
de la mydriase maximale, avec abolition du reflexe a la lumiere. 

2) Le tetra-ethyl-ammonium, en injection sous-conjonctivale ou 
intra-camerienne, provoque une mydriase faible, avec maintien du 
reflexe a la lumiere; de fortes doses provoquent cependant une dila- 
tation pupillaire maximale. 

3) Le myosis provoque par le di-isopropylfluorophosphonate (DFP) 
est supprime immediatement par l’injection intraveineuse de tetra- 
ethyl-ammonium. 

4) Le myosis provoque par Peserine est diminue ou supprime par 
le tetra-ethyl-ammonium. 

5) Le myosis provoque par Pacetylcholine n’est pas leve par le 
tetra-ethyl-ammonium. 

6) Le myosis provoque par la pilocarpine n’est pas leve par le 
tetra-ethyl-ammonium. 

Ces faits experimentaux soulevent certaines questions en ce qui con- 
cerne le mecanisme d’action des myotiques etudies. 
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Summary 

1) Tetra-ethyl-ammonium given, by intravenous injections, induces 
a very marked mydriasis, with abolition of light reflexe. 

2) Subconjonctival or intraocular injections of tetra-ethyl-ammo- 
nium produce a slight mydriasis, very high doses a maximal mydriasis. 

3) Myosis induced by di-isopropylfluorophosphonate (DFP) or 
physostigmine is suppressed immediatly or reduced by intravenous 
injection of tetra-ethyl-ammonium. 

4) Myosis induced by acetylcholine is not suppressed by tetra-ethyl- 
ammonium. 

5) Myosis provoked by pilocarpine is not suppressed by tetra-ethyl- 
ammonium. 

These facts are related to the mechanisms of action of the myotics 
used in these experiments. 
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(Travail repu le 10-3-1949J. 


Dans des travaux anterieurs, C. Heymans et G. R. De Vleesch- 
houwer(i), C. Heymans, J. J. EsTABLEetS. Castillo de Bonneveaux (2) 
ont observe que le diethylamino-ethyl-ester de l’acide phenylcyclo- 
pentane carboxylique (Parpanit) et la phenothiazinyl-ethyldiethyla- 
mine (2987 R. P., Diparcol) protegent, dans une tres large mesure, le 
coeur contre les actions toxiques de difFerents poisons nicotiniques, 
particulierement la nicotine, l’acetylcholine et autres derives de la choline, 
le di-isopropylfluorophosphonate, 1’hexa- ethyl-pyrophosphate et la 
pilocarpine. 

II nous a paru interessant de rechercher si ces deux composes, le 
Parpanit et le Diparcol, possedent une action antifibrillante sur le coeur. 

On sait que l’injection intraveineuse d’adrenaline chez le chien in- 
halant du chloroforme ou du benzol, declenche une fibrillation car- 
diaque ventriculaire. Cette fibrillation cardiaque constitue la syncope 
adrenalino-chloroformique ou -benzolique mortelle. 

Dans nos experiences, executees chez le chien anesthesie a la chlora- 
losane, nous avons observe que l’injection intraveineuse prealable de 
io mg/kg du diethylaminoethyl ester de l’acide phenyl-cyclopentane 


( ) Communication prdliminaire a la Soci^td Beige de Physiologie, le 21 mai, 1949 
a Lidge. 



ACTION ANTIFIBRILLANTE CARDIAQUE 


353 


carboxylique (Parpanit) protegea tous les animaux (quatre chiens) contre 
la fibrillation cardiaque ventriculaire d’origine adrenalino-chlorofor- 
mique. La dose de 5 mg/kg de Parpanit protegea trois animaux sur 
quatre. Cette action protectrice du cceur se maintient encore deux heures 
apres l’injection de Parpanit. 

En ce qui concerne la phenothiazinyl-ethyl-diethylamine (Diparcol), 
nos experiences montrerent que l’injection intraveineuse de 20 mg/kg 
protegea tous les animaux (quatre chiens) contre la fibrillation cardiaque 
adrenalino-chloroformique. Les doses de 15 mg/kg et 10 mg/kg de 
Diparcol protegerent six animaux sur huit. Cette action protectrice fut 
encore observee une heure apres l’injection de Diparcol. 

Ces deux composes, le Parpanit et le Diparcol, possedent done une 
action protectrice tres marquee contre la fibrillation cardiaque ventricu- 
laire d’origine adrenalino-chloroformique. 

L’action curative de ces composes vis a vis de la fibrillation cardiaque 
ventriculaire deja installee, est toutefois nulle. 

H. E. Hoff et L. H. Nahum (3) ont montre que l’injection sous- 
cutanee de 2-5 mg/kg d’acetyl-j 3 -methylcholine (Amechol) protege le 
coeur du chien contre la fibrillation adrenalino-chloroformique. Nos 
experiences confirment ces observations. Tous les animaux (quatre 
chiens) furent, en effet, proteges par l’injection sous-cutanee de 2-5 
mg/kg d’ Amechol. 

D’apres Lindner et Katz (4) et Melville (5), l’injection intra- 
veineuse de chlorhydrate de papaverine (10 mg/kg) protege le cceur du 
chien contre la fibrillation ventriculaire. L’injection intracardiaque de 
papaverine (5 mg/kg), associee au massage du cceur, leve la fibrillation 
cardiaque. 

Dans nos experiences, aucun chien (cinq) ne fut toutefois protege, 
par l’injection de papaverine, contre la fibrillation cardiaque adrenalino- 
chloroformique. Chez trois animaux, ou une fibrillation cardiaque 
ventriculaire fut declenchee par excitation electrique du myocarde, 
l’injection intra-cardiaque de papaverine, associee au massage du coeur 
et la respiration artificielle, ne supprima pas la fibrillation ventriculaire. 

T.C.R. Shen (6) montra que les substances adrenolytiques (933 F, 
yohimbine), qui diminuent ou inversent l’action de l’adrenaline sur la 
pression arterielle, protegent contre la fibrillation cardiaque adrenalino- 
chloroformique. Nous avons observe que la dibenamine et la dihydroer- 
gotamine, autres substances adrenolytiques, possedent la meme pro- 
priety protectrice. 
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Conclusions 

1) Le diethylaminoethyl ester de 1 ’acide phenyl-cyclopentane carbo- 
xylique (Parpanit) et la phdnothiazinyl-ethyl-diethylamine (2987 R. P., 
Diparcol) protegent le cosur contre la fibrillation ventriculaire d’origine 
adrenalino-chloroformique. Ces composes ne levent pas la fibrillation 
ventriculaire deja installee. 

2) L’acetyl-/?-methylcholine possede la meme propriete protectrice. 

3) La dibenamine et la dihydroergotamine, substances adrenoly- 
tiques, empechent la fibrillation cardiaque adrenalino-chloroformique. 

4) La papaverine possede ni action protectrice, ni action curative vis 
a vis de la fibrillation cardiaque ventriculaire. 

Summary 

In dogs, administrations of diethylaminoethyl ester of phenyl- 
cyclopentane carboxylic acid (Parpanit), of diethylaminoethyl pheno- 
thiazine (2987 R. P., Diparcol) and of acetyl-jS-methylcholine, in suitable 
doses, protect the heart against ventricular fibrillation, following in- 
jections of epinephrine during chloroform inhalations. The adreno- 
lytic compounds, dibenamine and dihydroergotamine, possess the same 
antifibrillatory action. 

These compounds can not stop chloroform-epinephrine ventricular 
fibrillation previously induced. 

Papaverine does not protect the heart against epinephrine-chloroform 
ventricular fibrillation and can not restore a normal coordinated heart 
beat if ventricular fibrillation has been previously induced. 
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LABORATOIRE DE PHYSIOLOGIE DE L’ECOLE VET^RINAIRE 
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LTNFLUENCE DE LA TRAITE SUR LA DIURfiSE 
DE LA VACHE GRAVIDE (*) 


PAR 


G. PEETERS, R. COUSSENS, J. H. BOUCKAERT 
et W. OYAERT 


(Travail refu le 18-6-1949 ). 


D’apres les experiences de l’americain Petersen (i) et de nous- 
memes (2) il est prouve que pendant la traite une hormone est deversee 
dans le circuit sanguin de la vache Iaitiere. Cette hormone provoque 
rejection du lait et est generalement identifiee avec la pituitrine secretee 
par le lobe posterieur de l’hypophyse. Lors de la traite un reflexe excite 
l’hypophyse, qui deverse alors la pituitrine. Celle-ci provoque l’ejection 
du lait. Sachant que les hormones du lobe posterieur de l’hypophyse 
ont diverses fonctions, par exemple une action antidiuretique, nous 
avons voulu examiner si l’action antidiuretique existe lors de la traite. 
Les experiences furent faites sur une vache Iaitiere, qui etait gravide 
de deux a trois mois. 


Technique 

On administre a une vache, 50 litres d’eau tiede par voie buccale. 
Environ unedemie heureplus tard on introduit une sonde dans la vessie. 
La sonde est raccordee a un tube de caoutchouc, qui permet de re- 
cueillir facilement Purine, qui s’ecoule de fa^on continue de la vessie. 
L’urine est recueiilie dans une mesurette de deux litres. Toutes les 
5 minutes on mesure la quantite d’urine et ces quantites sont portees 
en graphique. Pendant les 30 premieres minutes la quantite d’urine 


(*) Communication preliminaire a la Societe Beige dePhysiologie, Liege, le 21 mai 1949* 
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excretee est normale, pour augmenter progressivement pendant Pheure 
suivante. Vers la ioo me minute la diurese atteint son maximum. A partir 



Fig. i 

Experiences de controle. En abcisses : temps. En ordonnees : volume d’urine. 


de ce moment 1200 cc. d urine tres diluee sont secretes par 5 minutes 
(Fig. i). Cette diurese copieuse continue pendant plusieures heures. 
L animal restant tranquille pendant Pexperience, la traite fut normale. 


RisULTATS 

Nous avons pu constater une inhibition brusque de la diurese chaque 
fois que 1 animal a ete trait endeans les 60 minutes apres le debut de 
Pexperience. De ce fait la courbe normale de diurese est deplacee vers 
a droite (Fig. 2). Dans certains cas, Pinhibition de la diur&se etait tres 
prononcee, quoique la courbe presentait un aspect tres irregulier (Fig. 3). 
Sans doute, il faut tenir compte du fait que des contractions de la vessie 
peuvent se produire sous des influences nerveuses ou hormonales. Ces 
contractions peuvent fausser 1 aspect normal de la courbe de diurese. 
La quantite totale d’urine excretee entre la 7o me et la no me minute 
apres le debut de Pexperience demontre 1’efFet d’inhibition produit sur 
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la diurese. Nous avons fait deux experiences de controle et recueilli 
l’urine entre la 70 me minute et la no me minute avec les resultats 
suivants : 

1) Experience : 7610 cc d’urine. 

2) Experience : 7740 cc d’urine. 

La moyenne s’eleve done a 7675 cc. Quand nous faisons la traite 
vers la 65 me minute nous obtenons, dans 3 experiences, les valeurs 
respectives de 6350 cc, 5760 cc et 4380 cc., soit une moyenne de 5496 cc. 
Le pourcentage d’inhibition s’eleve done a 29 %. Au cours de deux 
autres experiences ou la traite fut effectuee vers la i20 me minute, 
nous avons constate une inhibition nette, mais moins marquee. 

Les effects inhibiteurs de la traite sur la diur&se sont probablement 
d’origine hormonale et provoques par la mise en circulation d’hormone 
anti-diuretique, sous l’influence de la traite. Le caractere hormonal 
de cette inhibition est demontre par deux faits : 

1) L’effet inhibiteur se prolonge longtemps apres la traite. 

2) La courbe de diurese apres la traite, reste parfaitement parallele 
a la courbe controle, mais est deplacee d’environ 25 minutes. 

D’apres Verney(3), la fonction du lobe posterieur de l’hypophyse est 
deprimee par 1 ’hypotonicite du sang. Dans nos experiences le lobe 
posterieur est done soumis a deux effets antagonistes : 1’hypotonicite 
du sang qui diminue et le reflexe de la traite qui stimule la secretion 
de l’hypophyse. 
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ACTIONS PHARMACOLOGIQUES 
SUR LES BRONCHES DU COBAYE (*) 

(With Summary) 


PAR 


A. DE SCHAEPDRYVER 


(Travail repi, le 10-3-1949J. 

Dans un travail anterieur (1), nous avons montre que differentes 
substances previennent ou suppriment le bronchospasme, determine par 
certames substances pharmacologiques ou par le choc anaphylactique, 
chez Ies poumons isoles et perfuses du cobaye. 

Nous avons poursuivi ces experiences en examinant l’action d’une 
sene de substances pharmacologiques sur le tonus des bronches de 
cobaye in vivo , en utilisant la technique de Konzett et Roessler (2), 
Emmelin, Kahlson et Wicksell (3) et Halpern (4). 

Voici les resultats des experiences qui ont porte sur 70 cobayes, dont 
51 normaux et 19 anaphylactises. 

L’ ester diethylaminoethylique de l’acide phenyl-cyclopentane carbo- 
xylique (Parpanit) previent et leve le bronchospasme determine par 
1 acetylcholine et I’ histamine. 

Le chlorhydrate de diethylaminoethyl-thiodiphenylamine (2987 R. P., 
Diparcol) previent et leve le bronchospasme provoque par l’acetyl- 
choline, et previent le bronchospasme determine par 1’histamine, la 
nicotine et le choc anaphylactique. 

La dibenzylmethylamine (566 L.) ne diminue que legerement le 
bronchospasme acetylcholinique et histaminique. 

La tubocurarine (20 doses curarisantes) et 1’Intocostrine (20 doses 
curarisantes), ne provoquent de bronchospasme, ni in vivo, ni chez les 

(*) Communication pr£liminaire a laSocidt6 beige de Physiologic, Li^ge, 21 mai, 1949 * 
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poumons perfuses; alors que l’histamine provoque toujours, sur ces 
mSmes poumons, un bronchospasme tres marque. 

Le chlorhydrate de tetra-ethyl-ammonium previent le broncho- 
spasme determine par la nicotine, mais non le bronchospasme provoque 
par l’acetylcholine et l’histamine. 


Summary 

Experiments, performed on the bronchial tone of guinea pigs, showed^ 

1) Diethylaminoethyl ester of phenyl-cyclopentane carboxylic acid 
(Parpanit) prevents and suppresses bronchospasm, induced by acetyl- 
choline and histamine. 

2) Diethylaminoethyl-thiodiphenylamine (2987 R. P., Diparcol) 
prevents and suppresses bronchospasm induced by acetylcholine, and 
prevents bronchospasm provoked by histamine, nicotine and anaphyl- 
actic shock. 

3) Dibenzylmethylamine (566 L.) decreases slightly bronchospasm 
induced by acetylcholine and histamine. 

4) Tubocurarine and Intocostrine (up to 20 curarizing doses) do not 
induce bronchospasm either in vivo or in perfused isolated lungs, 
although histamine provokes active bronchospasm in the same lungs. 

5) Tetraethylammoniumprevents bronchospasm induced by nicotine, 
but not by acetylcholine and histamine. 
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! 


POUVOIR ANTICHOLINESTERASIQUE DE LA CAFEINE, 
DE LA THEOPHYLLINE ET DE LA THEOBROMINE ( x ) 


PAR 


Y. BOUNAMEAUX et M. GOFFART 


( Travail refti, Ic 24-3-39). 

Le laboratoire de H. Fredericq a consacre une serie de travaux a 
Tetude des methylxanthines (1, 2, 3, 4). Goutier (5, 6, 7, 8) a recemment 
repris le probleme en fonction de la propriete qu’ont ces substances de 
sensibiliser les tissus aux ions potassium. Or il apparait que dans la dis- 
cussion du travail de ces auteurs, le pouvoir anticholinesterasique de la 
cafeine est le plus souvent apprecie en se referant a un article de 
Kahane et Levy (9). La litterature fournit encore d’autres donnees, 
mais on remarque que les conditions d’experience, les doses de substrat 
et d’inhibiteur sont fort differentes d’une publication a T autre; les 
auteurs arrivent a des conclusions opposees. Sur le pouvoir anticholi- 
nesterasique de la theobromine et de la theophylline, les renseignements 
sont plus rares. C’est pour toutes ces raisons que nous nous sommes 
proposes d’etudier de fa?on plus approfondie Taction anticholinestera- 
sique de ces trois methylxanthines. 

Par une methode titrimetrique Kahane et Levy (9) avaient constate 
que 250 mgrs. % de cafeine inhibaient presque totalement Thydrolyse 
de 900 mgrs. % d’ acetylcholine en une heure, par i.cc. de serum de 
cheval, (« pseudo » cholinesterase). Bernheim et Bernheim (10) ont 
montre que 20 mgrs. % de cafeine agissent sur un melange de 7 mgrs. % 
d’acetylcholine et d’esterase du cerveau de rat, (cholinesterase «vraie »), 
en prolongeant de 100 % le temps d’hydrolyse necessaire pour rendre 
le melange inactif sur Tileon de cobaye. Sans donner beaucoup de details 
techniques, Nachmansohn et Schneeman (11) arrivent a la conclusion 

( l ) La note preliminaire dans les C.R. Soc. Biol. 1948, 142, 1193 contient plusieurs 
erreurs de chiffres. 
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que la cafeine a 5,3 mgrs. % inhibe de 50 % l’esterase vraie de 1’organe 
electrique de la torpille et qu’une dose quadruple inhibe de 30 % 
l’esterase du cerveau de bceuf, tandis que des concentrations m£me plus 
elevees s’averent sans action sur la pseudocholinesterase du serum de 
cheval et du pancreas de cobaye. Utilisant une methode biologique con- 
sistant a mesurer le temps de demi-decontraction par addition de 
cholinesterase a un bain oil un rectus de grenouille est contracte par 
30 a 200 /x grs. d’acetylcholine, Denys et Levy (12) sont aussi d’avis 
que la cafeine agit electivement sur la cholinesterase « vraie » des globules 
rouges, a la dose de 20 mgrs. % en bloquant completement Phydrolyse 
de l’acetylcholine. 40 mgrs.% de cafeine ne font que retarder faiblement 
Phydrolyse de Pacetylcholine par la « pseudo » cholinesterase du serum 
de cheval. Ces deux derniers travaux venaient confirmer ceux de Zeller 
et Biessieger (13) qui pour 96 mgrs. % d’ac.ch. et 116 mgrs.% de 
cafeine n’observent qu’une inhibition de 4 % sur Pesterase du serum 
humain. Pour H. Casier (14), la cafeine de 100 mgrs.% a 1000 mgrs.% 
serait sans action sur les cholinesterases des globules rouges et du serum. 
Enfin, Schutz (15) est d’avis qu’aux doses therapeutiques, la cafeine 
est sans action sur l’activite cholinesterasique du serum humain. 

En resume, ces travaux sont contradictoires, et les renseignements sur 
le pouvoir anticholinesterasique des dimethylxanthines, theobromine et 
theophylline, manquent. 

Nous memes, sommes arrives a la conclusion que la cafeine a une 
action sur les deux types de cholinesterase, que cette action inhibitrice 
existe aux doses employees en pharmacologie, et que les trois methyl- 
xanthines etudiees agissent suivant des modalites differentes. II ressort 
de la discussion que cette propriete anticholinesterasique ne joue pro- 
bablement aucun role important. 


Technique 

Nous avons employe la methode de Warburg, utilisant le tampon 
bicarbonate « Ringer. 30 » recommande par Ammon (6), ramene au 
ph 7,2 par barbotage de CO 2 en presence de rouge de phenol. Les 
experiences ont ete faites a 38°. 

Comme source d’esterase, nous avons employe le serum de cheval 
(« pseudo n-cholinesterase) et un broyat de cerveau de rat (cholinesterase 
« vraie »). Le cerveau de rat est broye avec un peu d’eau distillee, on 
centrifuge, rejette le liquide surnageant et redilue le culot dans un egal 
volume d’eau. Sauf indication contraire, nous avons utilise 0,5 cc. de 
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suspension de cerveau ou de serum pour un volume final de 4,5 cc. 
Les methylxanthines etant peu solubles, pour arriver a une concentra- 
tion elevee, nous avons du les dissoudre directement dans le tampon. 


Resultats 

I. — Cafeine 


a) Pseudocholinesterase. 

Notre premier souci a ete de chercher a reproduire les experiences 
de Kahane et Levy (9) en suivant exactement leur technique, avec les 
memes doses d’ acetylcholine et de cafeine. Nous avons pu obtenir au 
bout d’une heure, des inhibitions de 19, 16,7 et 4,5 %, mais celles-ci 
n’excedent pas la marge d’erreur de la methode, qui est de 20 % (17). 
Les resultats sont les memes, qu’on emploie le serum de chien ou le 
serum de cheval, et jamais nous n’avons pu obtenir l’inhibition de 100 % 
que signalent Kahane et Levy. Nous avons ensuite poursuivi notre 
recherche au Warburg. 

La cafeine ne « bloque » pas la cholinesterase, elle ne fait que ralentir 
son action. La reaction atteint le meme equilibre, mais apres un temps 
plus prolonge. Pour observer une inhibition, il faut done faire les 
lectures au manometre avant que l’equilibre soit atteint. D’apres 
Mendel et Rudney (18), l’optimum d’activite de la « pseudo » choli- 
nesterase s’observe pour des doses assez elevees d’acetylcholine. Mainte- 
nant fixe la quantite de serum de cheval (0,5 cc. pour 4,5 cc. de volume 
final), nous avons fait varier dans 15 experiences, le taux d’acetylcholine 
de 50 a 300 mgrs. % (3.10 -3 a 1,8. io~ 2 M.) et la dose de cafeine de 
too a 1000 mgrs. % (5.io -2 a 6.io~ 3 M.). Le calcul des inhibitions 
apres 5 minutes, avant 1’arrivee a l’equilibre, montre que cette inhibition 
est fonction du rapport des concentrations moleculaires entre 1’acetylcho- 
line et la cafeine. Si on fait varier le rapport : 

Concentration M. d’acetylcholine , 

de 0,00 a 3, 

Concentration M. de cafeine 

on constate que le pourcentage d’inhibition passe de 61 a 2. Si on calcule 
ce rapport des concentrations moleculaires dans les experiences de 
Kahane et Levy (9), on s’aper9oit qu’il est de 4,2, ce qui fait prevoir 
au bout de 5 minutes une inhibition de moins de 2 %. En tenant compte 
du fait que la mesure de ces auteurs est faite apres 60 minutes, leur 
resultat nous parait inexpliquable. 
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Nous avons aussi fait varier la quantite de serum de cheval de 0,2 a 
0,5 cc. en maintenant constante la quantite d’acetylcholine : 133 mgrs. % 
ou 8,1 . io~ 3 M, et la dose de cafeine : 444 mgrs. % ou 2,2. io~ 2 M. On 
remarquera dans le tableau I que Pinhibition en % apres 10 minutes, 
est du meme ordre de grandeur, quelle que soit la quantite d’esterase en 

substrat 

presence, pourvu que le rapport soit constant. 

mhibiteur 


Tableau I 


Inhibition de l’hydrolyse de l’ac&ylcholine 133 mgrs. % (8,i.io~ 3 M.) en presence de 
Cafeine 444 mgrs. % (2,2. io~ 2 M.) en faisant varier la quantite de « pseudo » cholineste- 
rase. 


Quantite de serum 
de cheval en cc. 

Degagement du 
, 

temoin en 10 
minutes, expri- 
me en mm 3 CO s 

l 

Degagement en 10 
minutes, en pre- 
sence de l’inhi- 
biteur (mm 3 C 0 2 ) 

Inhibition en % 

0,2 

! 214 

142,3 

33 

o .3 

| 281 

204,5 

27 

0,4 

320,4 

201 

38 

0,5 

287,6 

1 

200 

1 

30 


Ces deux ordres de faits nous amenent a penser que l’inhibition du 
pouvoir cholinesterasique du serum est due a une competition entre 
Pacetylcholine et la cafeine pour s’unir a P enzyme, et que l’inhibition 
depend du rapport des competiteurs et non de la quantite de cholineste- 
rase en presence. Cette liaison de la cafeine au ferment doit etre extreme- 
ment lache, car si la cafeine est ajoutee a la cholinesterase deux heures 
avant la reaction, la courbe d’inhibition se superpose a celle qu’on 
obtient en faisant intervenir la cafeine au moment ou debute la reaction. 

b) Cholinesterase « vraie ». 

Comme nous 1 ’avons fait remarquer pour la « pseudo »-cholinesterase, 
Paction de la cafeine est essentiellement une action retardatrice de 
Phydrolyse de Pacetylcholine. 

Le degagement de CO 2 dans les manometres contenant de Pinhibiteur 
se stabilise au meme niveau que le temoin, mais avec un retard d’autant 
plus grand que la concentration de cafeine est plus elevee, (Fig. 1, 
Courbes 3, 4, 5, 6). II s’ensuit que suivant le moment choisi pour faire 
la lecture, on observera une inhibition ou non (Tableau II). 
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Tableau II 

Pourcentage d’inhibition de l’hydrolyse de l’acetylcholine 25 mgrs. % par la cholineste- 
rase vraie, en presence de diverses concentrations de Cafeine, en fonction de temps. 


Temps 


Concentration de 1 

cafeine en mgrs % 


1000 

500 

100 

25 

4 

63 

57 

55 

26 

10 

47 

38 

24 

0 

18 

20 

x 1 

O 

0 

26 

10 

O 

0 

0 

34 

O 

O 

O 

O 



Fig. i 

Courbes d’hydrolyse de l’acetylcholine par la cholinesterase « vraie » du cerveau. 
Influence de la cafeine. 

I. Croix : Ac.Ch. 50 mgrs. % (Temoin). 

II. Cercles : Ac.Ch. 50 mgrs. % + Cafeine 250 mgrs. % 

III. Points : Ac.Ch. 25 mgrs. % (Temoin). 

IV. Triangles pointe en haut : Ac.Ch. 25 mgrs. % + Cafeine 100 mgrs. % 

V. Triangles pointe en bas : Ac.Ch. 25 mgrs. % + Cafeine 500 mgrs. % 

VI. Carres: Ac.Ch. 25 mgrs. % - 1 - Cafeine 1000 mgrs. % 

VII. Losanges noirs : Ac.Ch. 5 mgrs. % (Temoin). 

VIII. Losanges blancs : Ac.Ch. 5 mgrs. % -7- Cafeine 25 mgrs. % 

Ordonnees : Activite en mm 3 de CO : . 

Abcisses : Temps en minutes. 
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Si on etudie I’inhibition pour une large serie de concentrations de 
substrat et d’inhibiteur, (Fig. i), pour pouvoir comparer les resultats, il 
faut, soit se borner k faire une ou deux lectures aux temps tres courts en 
dessous de cinq minutes, soit attendre 1’equilibre, et definir l’inhibition 
par le retard mis a arriver a 1’etat d’equilibre. En calculant le nombre 
de molecules de CO 2 degagees, correspondant au nombre de molecules 
d’ acetylcholine hydrolysees, nous avons pu verifier que la reaction 
atteint son equilibre quand il y a trois molecules de choline en presence 
d’une molecule d’acetylcholine. 

Nous avons choisi de caracteriser le pouvoir anticholinesterasique par 
le « facteur de retardement », c.-a-d. le facteur par lequel il faut multiplier 



Fig. 2 

Variation du « Facteur de retardement » M. en fonction du Iogarithme du rapport 
Concentration de l'inhibiteur 

Concentration de l’acetylcholineT ca ' cu ^ en concentration ponderale. 

I. Croix : Cafeine sur la cholinesterase du cerveau. 

Points . Cafeine sur la cholinesterase du serum. 

III. Carres : Theobromine sur la cholinesterase du cerveau. 

IV. Triangles pointe en bas : Theophylline sur la cholinesterase du cerveau. 

nangles pointe en haut ; Theophylline sur la cholinesterase du serum. 
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Tableau in 

Facteur de retardement (voir texte) provoque par la cafeine, la theobromine, et la 
theophylline, a diverses concentrations, sur Taction de la « vraie » et de la « pseudo » 
cholinesterase, a diverses concentrations d’acetylcholine. 


Sou ce d’ esterase. 
0,5 c~ nour volume 
i>-at 4,5 cc. 

Concentration 
d’inhibiteur en 
mgrs. % 

Concentration d’acetylcholine en mgrs. % 

f 

xoo 

i 

50 

1 25 • 10 5 

Cerveau de rat 

Cafeine 

2,3 

2,9 

1 

i 

4 

I 

4 ! . 

1000 

500 

r,9 

2,6 

2,8 

3,5 I 4,i 

1 

250 

t,4 

2,4 

2,3 

3 

3,3 

100 


1,4 

1,6 

2,1 

2,4 

5° 


r,z 


2 

1,7 

25 

l 

1, 1 

1,2 

1,3 

1,7 

20 

1 

j 



1,4 

10 


1 

1. 

1 

1, 1 

1, 1 

5 

1 

■ 


1 

1 

Serum de cheval 

Cafeine 



3,2 

3,6 

4 

1000 

500 



2,4 

2,6 

3,5 

250 



2,2 

2 

3 

100 



1,4 

1,6 2 

f 

50 


i 1,2 ! 

! 

1 

i,4 ’ r *7 

25 [ 


1 

I 

I | i ,5 

i° j | 

1 

i ! 

i *•= 

s 1 i 1 ! • 

-'ll!' 
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Tableau III (Suite) 


Source d’ esterase. Concentration 
0,5 cc. pour volume d’inhibiteur en 
final 4,5 cc. mgrs. %. 


Salicylate 
Na et 

Theobromine 


Concentration d’acetylcholine en mgrs. % 


TOO 50 25 



Serum de cheval 


Salicylate 
Na et 

Theobromine 





1 
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le temps mis par Ie temoin pour arriver a 1’equilibre, pour retrouver le 
temps mis pour atteindre le meme equilibre en presence de l’inhibiteur. 
Le tableau III montre l’influence de diverses concentrations de cafeine 
pour diverses doses d’acetylcholine, exprimee par le facteur de retarde- 
ment. 

On remarquera qu’ici, comme pour la « pseudo » cholinesterase, 
l’inhibition varie en fonction du rapport des concentrations d’ acetyl- 
choline et de cafeine, et que pour une dose de cafeine de 1/10.000 
couramment employee en pharmacologie, lors de 1’etude de l’activite 
de la cafeine sur des organes ou tissus isoles, le retard apporte a l’arrivee 
a 1’equilibre est de 10 % pour l’hydrolyse de 5 mgrs. % d’acetylcholine, 
la plus petite dose qui permette une lecture sure avec notre appareillage 
de Warburg. 

cafeine 

La fig. 2 illustre l’influence du rapport ; — sur le facteur de 

acetylcholine 

retardement. On constate que l’effet de la cafeine sur la cholinesterase 
« vraie » est plus marque que sur la « pseudo » cholinesterase, bien qu’avec 
notre technique nous soyons loin de constater l’inefficacite totale ou 
presque totale de la 1.3.7 trimethylxanthine sur la « pseudo » cholineste- 
rase ( J L 12, 13). 


II. — Theobromine 


La faible solubilite de la theobromine nous a incites a employer le 
salicylate double de Na et de theobromine, qui contient 45 % environ de 
son poids en theobromine ( 1 ). Nous n’avons neanmoins pu utiliser de 
concentration superieure a 100 mgrs. %. Le salicylate de soude n’a par 
*d meme aucune action anticholinesterasique appreciable sur 1 enzyme 
du cerveau de rat. Le temoin (10 mgrs. % d’acetylcholine) degage 
43>5 mm de CO 2 en 5 minutes; le manometre contenant 10 mgrs. % 
acxh. + 50 mgrs> 0/ de salicylate de Na degage 40,5 mm 3 . Ce qui 

rme 1 observation de Bernheim et Bernheim (10). 
a) « Pseudo « cholinesterase. 

La figure 3 montre que le salicylate de Na et theobromine, 100 mgrs. % 
, epourvu de toute activite anticholinesterasique et que la courbe de 
g gement de C0 2 se superpose a celle du temoin. On voit aussi que 


ete ^° U ^ e Na et Theobromine, «Diuromine» 

aimablement foumi p ar le Pr . c . Heymans . 
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l’activite inhibitrice des trois methylxanthines etudiees sur le serum de 
cheval s’etablit dans l’ordre : 

Theophylline > Cafeine > Theobromine = O. 



I. Carres: Ac.Ch. io mgrs. % (Temoin). 

ttt' ^" r °* X ' 10 m S rs - % + Salicylate Na et Theobromine 100 mgrs % 

III. Points : Ac.Ch. 10 mgrs. % + Cafeine 100 mgrs. % 

IV. Triangles : Ac.Ch. 10 mgrs. % + Theophylline 100 mgrs. % 

Abcisses : T emps en minutes. 


b) Cholinesterase « male ». 

Le salicylate de Na et de theobromine a une action inhibitrice sur li 
cholinesterase « vraie » du meme type que la cafeine. Le facteur d< 

® fonction du rapport des concentrations'!^^ 
{ i abl. Ill et Fig. 2). acetylchohn* 

Si on tient compte, dans la figure 4, du fait que 55 % du poids du se 
est constitue de salicylate de soude inactif, on peut dire que l’ordre des 
activates decroissantes des trois produits est : 

Theophylline > Theobromine > Cafeine. 
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Toutefois a la dose de 10 mgrs. % la theobromine et la cafeine sont 
encore actives, alors que la theophylline ne l’est plus, et 1 ’ordre d’activite 
est modifie. 



Fig. 4 

Comparaison de l’activite anticholinesterasique des diverses methylxanthines’ sur la 
cholinesterase du cerveau de rat. 

I. Croix : Ac.Ch. io mgrs. % (Temoin). 

II. Points : Ac.Ch. io mgrs. % + Cafeine ioo mgrs. % 

ill. Carres : Ac.Ch. io mgrs. % + Salicylate Na et Theobromine ioo mgrs. % 

Triangles : Ac.Ch. io mgrs. % + Theophylline ioo mgrs. % 

Abcisses : Temps en minutes. 


III. — Theophylline 

La theophylline, comme la cafeine, agit sur les deux cholinesterases, 
mais elle differe de la cafeine et de la theobromine en ce que, outre sa 
propriete retardatrice, elle conditionne un nouvel etat d’equilibre. On 
peut done dire qu’elle « bloque » une partie des cholinesterases, et que 
l’intensite de ce blocage est proportionnelle a la dose de theophylline, 
(Fig. 5). Nous devons done caracteriser son action par le pourcentage 
d’inhibition a l’equilibre et par le retard avec lequel cet equilibre est 
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atteint. Ces deux proprietes varient en fonction du rapport des concentra- 
tions the -°P hy11 — C (Fig. 2, Tabl. Ill), mais l’effet sur l’etat d’equilibre 
acetylcholine . , . 

est plus marque que celui du retardement. La fig. 5 montre 1 action e a 

theophylline sur la cholinesterase « vraie » du cerveau de rat. A la dose de 



Inhibition de l’hydrolyse de l’acetylcholine par la cholinesterase du cerveau de rat 
en presence de Theophylline. 

I. Croix : Ac.Ch. 5 mgrs. % (Temoin). 

II. Carres : Ac.Ch. 5 mgrs. % + Theophylline 50 mgrs. % 

III. Triangles pointe en haut : Ac.Ch. 5 mgrs. % + Theophylline 100 mgrs. % 

IV. Points : Ac.Ch. 5 mgrs. % + Theophylline 250 mgrs. % 

V. Triangles pointe en has : Ac.Ch. 5 mgrs. % + Theophylline 500 mgrs. % 

Abcisses : T emps en minutes. 


25 mgrs. % la theophylline s’est encore montree faiblement active. A la 
concentration de 10 mgrs. % elle est sans action. Done aux faibles doses, 
l’ordre d’activite s’etablit comme suit : 

Theobromine > Cafeine > Theophylline = O. 

Sur la « pseudo » cholinesterase, la theophylline a une double action 
identique a celle que nous venons de decrire. II est a noter que comme 
pour la cafeine, Taction sur la « pseudo » est un peu moms prononcee 
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que sur la cholinesterase «vraie». (Fig. 2) et qu’a la dose de 10 mgrs % 
la theophylline cesse d’agir, (Tableau : III) d’ou : 

Cafeine > Theobromine = Theophylline = O. 

Dans le cas de la theophylline, qui semble bloquer reellement une 
partie des deux types de cholinesterase, nous retrouvons le phenomene 
que nous avons signale a propos de la cafeine et de la pseudocholine- 
sterase : la courbe d’inhibition est identique, que l’inhibiteur ait ete 
ajoute a la cholinesterase au moment de la reaction d’hydrolyse ou 
plusieurs heures avant celle-ci. La meme remarque vaut pour la 
cafeine et la' theobromine sur la cholinesterase vraie. Ces experiences 
ont ete faites avec 100 mgr % d’inhibiteur et 10 mgrs % d’acetyl- 
choline. 

Discussion 

II nous semble que dans les experiences que nous avons relevees dans 
la litterature, le facteur « temps » a ete neglige, alors qu’il etait parti- 
culierement important dans le cas de la cafeine et de la theobromine, 
qui ne font que retarder la reaction d’hydrolyse de l’acetylcholine. Si nos 
experiences confirment 1’ action de la cafeine sur F esterase du cerveau de 
rat aux doses utilisees par Bernheim et Bernheim (10), nous ne pouvons 
retrouver les resultats de Kahane et Levy (9), ni ceux de Casier (14). 
Signalons toutefois que Casier a utilise des concentrations differentes 
d acetylcholine que celles employees dans nos experiences ( x ). Ce fait 
explique la divergence des resultats. Bien que Faction de la cafeine soit 
legerement moms intense sur la « pseudo » cholinesterase que sur la 
cholinesterase « vraie », nous n’ avons pu retrouver les resultats de ceux 
qui lui attribuent une action insignifiante ou nulle sur la cholinesterase 
du serum (n, 12, 13). A lire attentivement Zeller et Biessieger (13), 
qui dans leurs conclusions nient a la cafeine toute action sur la choli- 
nesterase du serum humain, on s’aper9oit dans leurs protocoles d’ expe- 
riences qu’ils ont trouve une inhibition de 4 %. Or ils ont travaille dans 

Aa . Cone. mol. acetylcholine , 

ues conditions oil le rapport ; est egal a 1,1 

Cone. mol. cafeine 

ce qui fait prevoir,d’apres les mesures que nous signalons au Chapitre I 
paragraphe a) de cet article, une inhibition tres faible. Leurs resultats 
rencontrent done les notres dans ce cas particulier, encore que leur 
conclusion nous paraisse abusive. L’inactivite de la 1-3-7 trimethyl- 
xanthine sur l’esterase du serum humain aux doses therapeutiques nous 
parait normale en raison de la faiblesse de ces doses (15). 


( l ) Communication pcrsonnelle. 
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11 est remarquable que ces trois corps, voisins par leur constitution 
chimique et leurs actions pharmacologiques agissent de fa?on fort 
differente sur les cholinesterases : la cafeine ralentit Thydrolyse de 
l’acetylcholine par les deux types de cholinesterase; la theobromine a la 
meme action sur la « vraie » cholinesterase et est sans effet sur la 
« pseudo »; 1’effet retardateur de la theophylline est faible, mais elle 
bloque effectivement une partie des deux esterases et determine un 
equilibre de reaction nouveau, temoignant d’une serieuse action in- 
hibitrice. 

Quant a savoir quel role cette activite anticholinesterasique peut avoir 
en pharmacologie, force nous est de reconnaitre que notre appareillage 
de Warburg ne nous a pas permis de travailler avec surete sur des doses 
d’acetylcholine plus faibles que 5 mgrs. %. Toutefois, comme pour une 
dose de methylxanthine donnee, le pouvoir inhibiteur est d’autant plus 
fort que la dose de substrat est plus faible, on peut presumer que Taction 
anticholinesterasique sur des preparations isolees n’est pas negligeable : 
pourOuRY(3) et Lamalle (4), travaillant sur le rectus de grenouille et 
Toreillette isolee de tortue, avec des doses d’acetylcholine de 25 a 100 
/x grs % et des concentrations de metylxanthines de 2,5 a 10 mgrs. %, 
Taction anticholinesterasique parait certaine, encore qu’il resulte de la 
discussion Oury (3) que cette propriete n’est pas entierement explica- 
tive des phenomenes observes. En outre, 1 ’ordre d’activite sur ces 
preparations est cafeine > theobromine > theophylline, qui n’est pas 
celui de Tactivite anticholinesterasique, ni sur la « pseudo », ni sur la 
vraie cholinesterase. Les experiences concernant Tinfluence des methyl- 
xanthines sur Taction cardiaque du nerf vague (1, 2, 4) montrent que de 
faibles doses de cafeine, de theobromine et de theophylline augmentent 
les effets de la stimulation du X, tandis que de fortes doses la diminuent, 
alors que I’effet anticholinesterasique est augmente aux fortes doses et 
que Taction anticholinesterasique maximale de Teserine accentue les 
effets moderateurs du vague. D’autres arguments, developpes par 
Fredericq et Bacq (x, 2), montrent encore que la propriete anticholines- 
terasique ne suffit pas a rendre compte des faits. Enfin, sur la preparation 
sciatique-couturier de grenouille, Goutier (7) a montre que les methyl- 
xanthines « potentient » la contraction. Or, si aux doses qu’il a em- 
ployees, 10 mgrs. %, l’ordre d’activite est le meme que sur la cholineste- 
rase : theobromine > cafeine > theophylline, remarquons qu’a 
10 mgrs. % la theophylline n’inhibe plus 1’hydrolyse de faibles doses 
d acetylcholine. Enfin, si la theobromine et la cafeine iji 0.000 allongent 
le temps d’hydrolyse de Tacetylcholine, elles ne le font pas au point de 
rendre la reponse musculaire repetitive (8). Sur la preparation du 
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diaphragme isole de rat stimule par le nerf phrenique, Pordre d’activite 
potentiatrice est le suivant : cafeine > theobromine > theophylline (19), 
qui ne correspond pas a celui de Pactivite anticholinesterasique. Done 
dans les experiences (7, 19) Pactivite antiesterasique de la cafeine et de 
la theobromine parait certaine, mais n’explique pas les resultats obtenus. 


Resume 

1) L’action anticholinesterasique de la cafeine, de la theobromine, et 
de la theophylline a ete etudiee sur le serum de cheval et le cerveau de 
rat, en faisant varier largement les doses de substrat, d’inhibiteur et le 
temps d’ observation au Warburg. 

2) La cafeine agit sur les deux types de cholinesterase en ralentissant 
la vitesse de la reaction d’hydrolyse de l’acetylcholine. Son activite sur 
la « pseudo » cholinesterase est un peu moins marquee que sur P esterase 
vraie. Dans les deux cas la reaction se poursuit jusqu’au meme equilibre, 
que celui qu’on observe dans le manometre temoin. 

3) La theobromine est sans action sur la « pseudo » cholinesterase. 
Sur la cholinesterase « vraie », son action est du meme type que celle 
de la cafeine. 

4) La theophylline bloque les cholinesterases et amene la reaction 
d’hydrolyse a un nouvel equilibre. Son action est plus faible sur la 
« pseudo » cholinesterase que sur la cholinesterase « vraie ». 

5) L’ordre d’activite des methylxanthines sur la cholinesterase 
« vraie » pour des doses au-dessus de 25 mgrs. % est : 

Theophylline > Theobromine > Cafeine 

A 10 mgrs. % la theophylline cesse d’agir et on a : 

Theobromine > Cafeine > Theophylline — O. 

6) L’ordre d’activite des methylxanthines sur la pseudocholinesterase 
est le suivant : 

Theophylline > Cafeine > Theobromine = O. 

A la dose de 10 mgrs. % la theophylline est sans action et on observe 
Pordre d’activite suivant : 

Cafeine > Theobromine = Theophylline = O. 
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7) Le degre d’inhibition des cholinesterases par les methylxanthines 

concentration Ac. Ch. 

est essentiellement fonction du rapport : — — — , et 

concentration Inhibiteur 

il est fonction du temps. 


8) Le temps de contact entre les methylxanthines et les deux types 
de cholinesterase n’influence pas Pinhibition du ferment. 

9) Les resultats sont confrontes avec les donnees de la litterature 
et la discussion de quelques experiences pharmacologiques montre que 
le pouvoir anticholinesterasique des methylxanthines n’explique pas 
Pactivite biologique de ces substances. 

Nous tenons a remercier le Pr. M. Florkin de 1’accueil qu’il nous a reserve dans son 
laboratoire, et le Pr. M. J. Dallemagne de l’interet avec lequel il a suivi nos recherches. 
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In the screening of compounds for antihistaminic activity, certain 
members of a series of piperazines showed significant power to inhibit 
the action of histamine on the blood pressure of the cat. Further 
testing of this group, all synthesized by Hamlin et al (1) yielded one 
which possessed satisfactory antihistaminic characteristics, and at the 
same time promised to excel in one important phase, that of prolonged 
duration of action. 

This outstanding representative of the group was N-(p-chloro- 
enzhydryl)-N -methylpiperazine hydrochloride (hereafter referred to 
as AH-289) which possesses the following characteristics. 


Antihistaminic Actions 

Cat blood pressure. In doses of less than 1 mg/kg AH-289 exferts only 
a moderate, transient depressor effect in the anesthetized cat. As 
t e ose is increased, a greater depression occurs, yet with 10 mg/kg, 
t e return to a normal blood pressure is complete within 5 minutes. 

n given in doses of 10 megr/kg intravenously, to an anesthetized 
animal previously standardized to exhibit a reproducible depressor 
response to 0.5 megr/kg of histamine (as base), this fall in blood pressure 
is inhibited by as much as 70 %. With higher doses the depressor 
response to this amount of histamine can be virtually abolished. The 
duration of protection was noted first in this test, since a dose of 
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10 mcgr/kg provided gradually diminishing but detectable protection 
for as much as 15 minutes or more. This stood out in contrast to most 
of the ethylenediamine type of antihistaminics, whose antagonism to 
histamine can seldom be observed for longer than 5 minutes. 

AH-289 produces a slight potentiation of the pressor response to 
epinephrine, though not as pronounced as with most ethylenediamine 
antihistaminics. 

Isolated guinea pig ileum. Early tests with AH-289 were made on 
strips of guinea pig ileum suspended in a constant temperature bath 
maintained at 37.5 0 C., with air bubbled through the solution in the 
chamber. The strip was never exposed to the atmosphere, as the 
chamber was designed to wash through with fresh solution, providing 
a final volume of 20cc after complete run-off through the overflow 
outlet. Atropinized (0.5 gamma/cc) Tyrode solution was used, as this 
concentration of atropine has little influence on the histamine response 
and yet provides a more quiescent muscle preparation. Drugs were 
introduced along the side of the chamber by means of a 3 inch, 27 gauge 
needle. 

The customary procedure was to add 0.1 gamma of histamine (cal- 
culated as the base) with subsequent washing until reproducible suc- 
cessive responses were obtained from the contracting strip, allowing 
30 seconds for the histamine to act. Then the antihistaminic was 
added, and without washing the same amount of histamine was in- 
troduced. In successive trials, varying amounts of the antihistaminic 
were chosen until one was found which reduced the contraction to the 
standard histamine dose by at least 70 %. In several tests, the potency 
of the drug seemed to be disproportionally weaker than its activity in 
the cat had indicated. Only after subsequent tests on intact guinea 
pigs (to be discussed later) was the source of the discrepancy discovered, 
namely slow onset of action. 

The antihistaminic was again tried, allowing a longer time for it to 
penetrate the muscle before the histamine was added. After 2 minutes 
of contact, its inhibitory power was considerably greater, and after 
5-10 minutes contact, it was still more potent. In a concentration of 
0.1 to 0.5 mcgr. in the chamber (0.005 to 0.025 mcgr/cc) allowed to act 
for 5 minutes, AH-289 reduced the subsequent standard histamine 
contraction, and in the higher dose this reduction usually exceeded 70%. 

Antispasmodic activity. AH-289 was assayed on isolated rabbit 
intestine to determine if it was specifically antihistaminic in its action on 
smooth muscle. Its potency against acetylcholine was found to be less 
than i/iooth that of atropine. 
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Protection against histamine in the intact guinea pig. The LD 100 of 
intravenous histamine has been determined frequently on our stock of 
animals to be 0.4 mg/kg (as the base). Earlier observations on the 
protective action of AH-289 were disappointing, since relatively large 
doses were required to protect a large proportion of the animals against 
the subsequent injection of 0.4 mg/kg of histamine. As the experiments 
progressed, a higher incidence of survival was noted among the animals 
which for any reason were given the histamine late — 45 to 60 minutes 
after the antihistaminic. The normal procedure which had been 
arbitrarily standardized involved the injection of the histamine 15 to 
30 minutes after the protective dose of any antihistaminic being tested. 
Repeating the tests with new series of guinea pigs and allowing a full 
hour to elapse between the injection of AH-289 and the shocking dose 
of histamine produced a remarkable increase in the percentage survival 
of the animals. On this basis the protective action of AH-289 was again 
explored, and found to be complete in a dose as low as 0.1 mg/kg when 
given intraperitoneally, or 2.5 mg/kg orally, against the LD 100 of hista^ 
mine. The results are summarized in table I. 


Table I 

Protection by AH-289 against the lethal effects of histamine I-V in guinea pigs. 


Dose of 

AH-289 

(mg/kg) 

Route of 
Adminis- 
tration 

Time Before 
Histamine 
Injection 

Histamine 
Dose (Multi- , 
pies of 
LD100) 

1 

Animals 

Used 

Animals 

Sur- 

viving* 

Percent 

Pro- 

tected 

I 

I-P 

15-30 min. 

2 

6 

O 

0 

3 

)) 

15-30 min. 

2 

4 

I 

25 

5 

)) 

20 

I 

9 

9 

IOO 

**(Same animals) 

210 

1 

9 

7 

78 

O.I 

I-P 

20 

I 

5 

X 

20 

0-3 

, » 

20 


2 

2 

IOO 

0.5 

1 » 


I 

3 

3 

IOO 

20 

1 » 

' 90 

IOO 

6 

1 

16 

20 

» 

90 

75 

2 

0 

0 

20 

» 

1 90 

50 

2 

2 

IOO 

5 

Oral 

» 90 

I 

3 

3 

IOO 

lO 

1 » 

; 90 

I 1 

3 

3 

IOO 

15 

1 » 

\ 

; 60 

I 

2 

2 

IOO 

25 

)) 

60 

1 1 

2 

2 

IOO 

50 

)> 

60 

! 1 

2 

2 

IOO 

**(all above orals) 

' 180 

I 

12 

12 

IOO 

P 

3) » 

360 

I 

12 

12 

IOO 


* All survivors were held for several days. When again shocked with the LD, 00 of 
histamine, all died. 

** These animals were retested without additional AH-289 administration. 
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Duration of protection. Because of the relatively slow onset of 
protection, tests on duration of action were indicated. Several dose 
levels were tried, and the animals were tested at various intervals from 
6 to 48 hours after administration of AH-289 by intravenous injection 
of one LD 100 of histamine. The results of this series are summarized 
in table II, and it will be seen that with moderate doses, appreciable 
protection still exists after 24 hours, while with a higher dose (appro- 
aching the toxic level) there is protection apparent even at 48 hours. 
It should be pointed out that some animals surviving the test dose of 
histamine were again given the same dose later. The probability of 


Table II 

Duration of protection of AH-289 against intravenous histamine in guinea pigs. 


Dose of 
AH-289 
(mg/kg) 

j 

Route of 
Administration 

Time Before 
Histamine 
Injection 

Histamine 
Dose (Mul- 
tiples of 
LD100) 

Animals 

Used 

Animals 

Sur- 

viving* 

l 

1 

1 Percent 
! Pro- 
tected 

1 

O.I 

I-P 

90 min 

I 

4 

4 

100 


(same animals)** 

180 

r 

4 

4 

, too 


» » 

360 

1 

4 

4 

too 

I 

I-P 

18 hrs 

1 

4 

0 

I 0 

3 

» 

18 

1 

4 

2 

50 

2-5 

Oral 

9 

1 

5 

4 

; so 


(same animals) 

12 

1 

4 

2 

I 50 

5 

Oral 

6 

1 

4 

4 

IOO 

5 

» 

9 

1 

5 

4 

80 


(same animals) 

12 

1 

4 

3 

75 

10 

Oral 

6 

1 

3 

3 

too 

5 

)) 

12 

1 

5 

1 

20 


(survivor)** 

24 

1 

1 

1 

IOO 

10 

Oral 

12 

1 

5 

4 

80 


(survivors) 

24 

1 

4 

3 

75 

10 

Oral 

18 

1 

4 

1 

25 

20 

» 

18 

1 

4 

3 

75 

20 

r 

24 

1 

4 

4 

IOO 

30 

Oral 

24 

1 

4 

3 

I 75 

j 

50 

I-P 

48 

1 

5 . 2 

j 4 ° 

50 

» 

24 

1 

5 

5 

' IOO 


(same animals) 

48 

z 

5 

4 

' OO 

50 

(survivors) 

r '. P 

68 

42 

1 

1 

4 

5 

2 

3 

5 ° 

60 


(survivors) 

l 

68 

1 

3 

1 

33 


* All survivors were held for several days. 


When again shocked with the LD Jt - 


histamine, all died. 

*• « Same animals » or « survivors » were followed continuous \, "it no 


additional 


AH-289 given. 
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development of an increased resistance to histamine or the occurrence 
of some non-specific type of resistance was tested by subjecting all 
“ protected ” survivors to the same dose of histamine several days later. 
All succumbed with typical symptoms, which would indicate that the 
protection was actually due to the effects of the antihistaminic drug 
AH-289. Further evidence of this prolonged action will be presented 
below in a discussion of the human experimental testing of AH-289. 

Antianaphylactic action. Guinea pigs were passively sensitized with 
5 cc/kg rabbit anti-egg-white plasma given intravenously. The controls 
were shocked after 2 hours with 0.4 cc of a 1 : 8 dilution of fresh egg 
white. The incidence of anaphylactic death was 87 % in this series. 
The experimental animals were similarly injected with the same dose 
of anti-egg-white plasma, one hour later they were given an intraperi- 
toneal dose of AH-289, an d one hour after that they were challenged 
with the same dose of egg white. With a protective dose of 3 mg/kg 
AH-289 seven out of eleven survived. With 5 mg/kg, seven out of ten 
survived. Tests on duration of protection have not been attempted, 
mainly because of the uncertainty as to the effect pretreatment , with the 
drug might have on the degree of passive sensitization achieved by the 
usual techniques, after the drug was already present in the animal 
tissues. 

Protection of human against histamine flares. Modification of the 
histamine wheal and flare reaction by the prior oral administration of an 
antihistaminic drug has been observed by Warembourg et al (2), 
Friedlaender and Feinberg (3) and others. A modification was 
employed which involved the cutting of the skin by a special instrument. 
A length of 16 gauge hypodermic needle tubing was ground flat at one 
end, and the tip was then whetted around the periphery to provide a 
sharp cutting edge. The opposite end was provided with a round 
knob and adjustable stop, so that when the tubing was passed through the 
center of a plastic rod, the cutting edge could be projected to any 
predetermined distance beyond the surface of the plastic. With several 
quick twirls of the knob, a relatively painless, usually bloodless, cut of 
uniform diameter (1 mm) and depth of choice, could rapidly be made 
on any skin surface. The histamine solution (in dilutions of 1 to 2, 4, 
8, 16, or 32 thousand) was then applied in a drop of constant volume 
directly over the cut, and the skin was gently pulled from both sides of 
the area to facilitate penetration of the histamine. After 5 minutes the 
histamine was wiped off, and at 15 minutes, the limits of the wheal and 
flare were traced with a ball-point pen. By pressing a sheet of paper 
directly over the tracing, the inked lines were transferred as accurate 
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mirror images, and the entire procedure was extremely simple and rapid. 

Using this technique, nine volunteer subjects were first assayed for a 
control value before taking AH-289, all test cuts being made on the 
back, in the area lateral to the thoracic vertebrae. The tracings were 
transferred, and each person was then given one 50 mg. tablet of the 
drug. At intervals after the drug was taken, the test was repeated, in 
each case using five serial dilutions in the range from 1 : 2000 or 1 : 4000 
onward. Earlier tests with a small dose of 25 mg. AH-289 had not 
been sufficiently critical but had established the onset of activity at about 
2 hours, so no tests were done before at least 2 hours had elapsed. In 
most of the subjects, there was a marked reduction of the size of the 
flare even after 11-12 hours, some at 18 hours, and a slight but 
appreciably smaller response even at 24 hours. These same subjects 
had served previously in the testing of methylpyrilene (Thenylene) 
and tripelennamine (Pyribenzamine), and all had shown a flare response 
equal to or greater than the control values within 8 hours after taking 
these drugs. The apparently greater duration of action may reduce 
the total daily dose as compared with the commonly used anti- 
histaminics. 

Other effects of AH-289. Effects on EEG and ECG in the rabbit. 
Simultaneous electrocardiographic and electroencephalographic records 
were taken on a rabbit before and after the intravenous injection of 
10 mg/kg of AH-289. After the first injection, there was a 30 % slowing 
of heart rate, but no change in the EEG or ECG. A second injection 
of the same dose 30 minutes later produced no change in heart rate, 
and in the ECG minor changes were observed for a few minutes. 
In the EEG a short burst of spikes and high voltage waves occurred, 
but no other changes were noted. Thirty minutes after the second 
dose, a third injection of 10 mgfkg of AH-289 produced no significant 
changes in the EEG, minor brief ECG changes, and then a return to 
normal. In no case was respiration abolished. 

In contrast, the intravenous injection of one dose of 10 mg/kg of any 
of several ethylenediamine antihistaminics represents a dose lethal to 
nearly half of the animals, and which would probably produce convul- 
sions in all. 

Local anesthetic activity. Injection of 0.5 - * % solution of AH-289 
intradermally in the guinea pig produced approximately the same degree 
of local anesthesia as procaine in the same concentration, followed b} 
moderate tissue irritation. In the rabbit eye, corneal anesthesia \\as 
definite, but some degree of irritation was produced in the concentration 
used (1 %). 
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Characteristics of ophthalmic solutions. AH-289 was made up in 
concentrations of 0.5 and 0.25 per cent, in solutions isotonic with tears. 
After preliminary trials in rabbits, ten human subjects were tested, with 
a commercial preparation of Antistine (0.5 %) used as a control in the 
opposite eye. With the 0.5 % solution of AH-289 a11 subjects noted a 
marked stinging or burning sensation, considerably more intense than 
the sensation produced by Antistine, but the local anesthetic properties 
of AH-289 suppressed this sensation within a minute or two, whereas 
the milder sensation with Antistine persisted for several minutes. 
With the 0.25 % AH-289 sensation was slightly stronger than with 
0.5 % Antistine, but disappeared much more rapidly. There was no 
evidence of residual irritation with either preparation. 

Sedative action. Following the technique described by Winter (4), 
two series of mice were tested. One received only 100 mg/kg of Evipal, 
intraperitoneally, and served as the control group. The other group 
received a pretreatment of 5 mg/kg AH-289, intraperitoneally, 15 minutes 
before the injection of 100 mg/kg of Evipal. Time of awakening was 
determined for each animal. For the controls (30 animals) the mean 
awakening time was 32.6 ± 2.03 minutes, and for those receiving 
AH-289 also (30 animals), the time was increased to 38.5 ± 1.71 minutes. 
Statistical analysis showed the difference to be of doubtful significance, 
with a P value greater than 0.02. As compared to the data of Winter, 
who noted approximately 10 % increase in waking time with Pyriben- 
zamine and Neoantergan and about 40 % increase with Benadryl and 
3277 RP, AH-289 apparently produced approximately an 18 % increase, 
which would indicate that its sedative action may lie intermediate 
between these two groups of compounds, more nearly approaching 
that of the first. This agrees with the limited series of human subjects 
used in the histamine flare test, where subjective symptoms were rela- 
tively mild, if experienced at all. 


Toxicity 

Acute toxicity. Table III summarizes the results of acute toxicity 
tests on mice, rats, guinea pigs, cats and dogs. In general, the toxicity 
is of the same order as many other antihistaminic drugs now available, 
except in the case of the intravenous administration in mice, in which 
it is considerably less toxic than many others. 

Chronic toxicity. Guinea pigs. A group of 10 guinea pigs were 
placed on a diet containing 0.2 % AH-289. At 3 weeks three animals 
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Table III 

Acute toxicity of AH-289. 


Animal 

Route of 

Dose 

Animals 

Number 

Percent 


Administration j 

mg/kg 

Used 

Fatal 

Mortality 

Mouse 

I-P 

m 

00 

10 

2 

20 



95 


1 

10 



100 

10 

6 

60 



150 


9 

90 



175 

10 

10 

100 


I-V 

20 

10 

1 

I 

10 



25 

10 

2 

20 



30 

10 

3 

3 ° 



35 

50 

25 

50 



40 

30 

l6 

53 

1 

45 

20 i 

16 

80 


1 

5 ° 

10 i 

8 

80 


Subcu 

100 

xo 

0 

O 



150 

10 

3 

30 



200 

20 

11 

55 

\ 


250 

20 

17 

85 


Oral 

150 

IO 

1 

10 

1 i 

200 

IO 

2 1 

20 


1 

250 

20 

7 

35 



300 

20 

1 1 

55 



400 

20 

17 

85 

Guinea Pig 

I-P 

50 

IO 

O 

O 



75 

20 

13 

65 



100 

20 

10 

50 



125 

IO 

6 

60 



15 ° 

IO 

7 

70 



mmmm: 

3 

1 

33 



mm 

3 

3 

IOO 

Rat 

I-P 

75 

16 

3 

18 



100 

l6 

8 

5 ° 

Cat 

I-P 

75 

4 

2 

I 5 ° 






i >;o 



100 

4 

- 

t 

Dog 

I-P 

100 

! 3 

1 

i 

! 33 



125 

3 

1 1 

j 33 



15 ° 

3 

i 

• 

! A 

I J 





















3 86 


L. W. ROTH, R. K, RICHARDS AND I. M. SHEPPERD 


were sacrificed, examined, and specimens taken for histological study. 
At 5 weeks three more animals were similarly studied. In no case was 
any abnormality noted in any of the tissues examined. 

Dogs. Two dogs were given doses amounting to io mg/kg per day 
orally for a period of one month. At the end of this time blood count 
and urinalysis were normal, and histological sections showed no patho- 
logical changes. Two more animals have been on this same dose for 
over 4 months, and the experiment is still in progress. 

Rats. Groups of rats, 3 to 5 weeks old, were placed on diets in which 
AH-289 was incorporated in concentrations of 0.05, 0.01 and 0.005 P er 
cent of the diet. Sixteen animals were started for each drug level and 
sixteen controls were on the same diet without the drug. After three 
weeks representative individuals were sacrificed, and a histological 
study was made of all organs. After ten weeks several more were 
sacrificed and examined, while the remainder of the groups are still 
continuing on the drug regime. It was found that the tissues of the 
animals on the diet containing 0.005 % AH-289 were indistinguishable 
from the normal controls. The animals receiving 0.0 x % were normal 
in weight and growth, the liver sections showed borderline cytological 
changes as judged by occasional fatty changes, impaired staining abil- 
ity, etc., but some individuals did not differ from controls. In the 
animals on the 0.05 % drug level the liver changes were more pro- 
nounced, as evidenced by granular appearance of the cytoplasm, im- 
paired staining ability and moderately increased fat content. No 
significant increase in liver damage was observed in the 10 week repre- 
sentatives over those sacrificed at 3 weeks, indicating that the drug did 
not have any outstanding cumulative toxicity. 


Discussion 

Although considerable detail has been devoted to this one compound, 
it should be noted that over 50 other piperazines have been screened for 
similar activity. The non-halogenated congener, N-benzhydryl-N'- 
methy Ipiperazine hydrochloride, was one of the first to be tested. Its 
toxicity was not less than that of AH-289, and its potency, as assayed 
by the cat blood pressure method and the guinea pig ileum, was of a 
lower order. The same situation held true for the other piperazines 
tested in that they were less promising in one or more important criteria. 

The application of antihistaminics to the field of allergy depends on the 
assumption that their histamine antagonism as determined by laboratory 
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testing on animals or human subjects may correlate to some extent with 
their potential efficacy in certain allergic manifestations. The out- 
standing experimental advance contributed by AH-289 * s its apparent 
prolonged duration of action. The encouraging results obtained with 
this drug in animal experimentation justified clinical trial, and the use 
of AH-289 in a variety of allergic conditions will be reported by others 
elsewhere. 


Summary 

N-(p-chlorobenzhydryl)-N'-methylpiperazine hydrochloride (AH-289) 
is a potent antihistaminic agent as demonstrated by its antagonism to the 
effects of histamine on the isolated guinea pig ileum, cat blood pressure, 
in the intact guinea pig, and on the skin flare in human subjects. 

It has been shown to potentiate the pressor activity of epinephrine. 
It possesses the ability to antagonize anaphylactic shock in the passively 
sensitized guinea pig. 

Its acute toxicity has been determined in mice, rats, guinea pigs, cats 
and dogs. Chronic toxicity studies on rats, guinea pigs and dogs indi- 
cate that, in doses equivalent to several times the clinical level, no 
significant alteration in the hematological or histological findings can be 
observed. In higher doses, in rats only, beginning liver impairment 
occurs. 

It recently has been learned that this compound has been independently synthesized 
and tested pharmacologically, in the form of the dihydrochloride, by Burroughs- Wellcome 
& Co., Tuckahoe, N.Y. 
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In preceding papers (1, 2) it has been shown that aerosols of water 
or water solutions of 5 to 10 % NaCl coat and agglutinate fine dust 
particles when dispersed concomitantly in the atmosphere. Thus initial 
dispersion of fine dust mixed with an aerosol ( x ) resulted in the 
formation of aggregates averaging 5 to 7 microns with some as large as 
30 microns. 

Since the aggregation into large particles will result in 1) increased 
rate of settling out and 2) preferential deposition of large aggregates 
in the upper respiratory tract due to centrifugal action of changes in 
direction of airflow, the hypothesis was brought forward that aerosol 
dispersion in dusty atmospheres will reduce the amount of dust carried 
into the lungs, particularly into the alveolar regions. 

Experiments to demonstrate this effect (1, 2) showed that Willemite 
dust, which could be detected by its fluorescence in ultraviolet light, 
was indeed less prevalent in the lungs of rabbits when the dust atmos- 
phere was treated with an aerosol of either water or sodium chloride 


( ) The mean micellary diameter of the dust was 0.5 micron and the mean micellary 
diameter of the aerosol was 0.46 micron under optical microscope and circa 220 Angstrom 
units under the electron microscope (5). 



AEROSOLS 


3^9 


solution. It was further evident (2) that in short exposures, the effect 
of the salt aerosol was more marked than that of water, which is credited 
to the fact that salt aerosols form larger aggregates than water aerosols (5). 

It was also observed in the animals subjected to the NaCl aerosol 
Willemite mixture, that the duration of the exposure could be doubled 
without the animals showing more dust in their lungs than those which 
had been subjected to the dust alone for half as long a period. In the 
animals sacrificed eight -days after one exposure of 5 hours, the lungs 
of those exposed to the dust alone showed a greater quantity of dust 
than that observed in the animals exposed to dust treated with NaCl 
aerosols. 

Estimation of the quantity of Willemite visible under ultraviolet 
light presents certain disadvantages. The particles visible at the low 
magnification necessitated by this technique are relatively large and are 
probably aggregates. Moreover, the grading of the impregnation of 
the lung’s dust always involves a certain degree of subjective error, and 
the concentration of dust required for an easily discernible impregnation 
of the lungs was rather high : viz. 80 mg. per cubic meter of air. 

It was therefore necessary to verify whether the effect observed in 
an exposure lasting only a few hours will also persist in daily repeated 
exposures. If true, then it must be expected that the aerosols of 
NaCl would delay the appearance of the silicotic lesions. 

The following experiments of longer exposures were undertaken for 
this purpose : 

1) A first series of rabbits and rats was exposed for 6 hours a day, 
5 days per week, to aerosols of NaCl alone, at the rate of circa 70 mg. 
per cubic meter of air. 

2) A second series of rabbits and rats (*) was exposed for 6 hours 
a day, 5 days per week, to an atmosphere containing circa 45 mg. of 
silica with 2 % iron ( 2 ). 

3) Another series of animals was exposed under the same conditions 
to the same atmosphere of silica plus aerosols of NaCl at a concentration 
of circa 70 mg. per cubic meter of air. 

(*) As often happens in experiments of this kind, an epidemic broke out amon^ the 
rats which, from the first, died at a regular rate from infectious pneumonia. ne_. 

cannot,. therefore, be taken into account. ... ■ 

( 5 ) The iron contained resulted from the grinding of the silica in an tron l-C *** 
(Braun) and served two incidental purposes: first, it served as a trace, cement 
sections of the lung were later stained by Perls’ method (6) and, second, the conce.,tr 
of iron in the silica dust approached that found in mines whose ores, in cu.. orm. 
been known to cause silicosis (3). 
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4) For comparison, a fourth series of animals was subjected to the 
same atmosphere of silica plus 6 % McIntyre aluminum powder ( x ). 

5) A fifth series of animals was subjected, under the same conditions, 
to an atmosphere containing circa 75 mg. McIntyre aluminum powder 
per cubic meter of air. Only the first four series will be considered here. 


Techniques 

I. — Production and Selection of the Dust 
The apparatus used is shown in fig. 1. 

The silica is ground in a disc mill (Braun), sifted through a 200 mesh 
screen, and placed in the generator tube (J), slightly compressed. The 



_ ^ Th ® Slhca u sed in these experiments was granular quartz obtained from the New 
England Quartz Co., 4S o Seventh Avenue, New York. X-ray diffraction analysis of 
1 ul ^ 99 ^ by weight as crystalline quartz. Analysis of dust samples 

° ^ j fr °I n s,llca P 1 ^ aluminium exposure chamber gave 66 % Si0 2 by chemical 
met o s an 5 , /„ crystalline Si0 2 by X-ray diffraction. The remainder of the sample 
" as ^und to consist chiefly of aluminum, iron and water. 
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generator tube, i meter in length and 2 cm. in diameter, is mounted 
on a constantly rising platform (K), in accordance with the technique 
described by H. H. Schrenk (4). Into this tube is inserted a second 
tube (L) of 1 cm. inside diameter, through which the dust is drawn 
up by the Venturi effect (M) produced by compressed air (fed through 
a constant pressure valve) (BjJ. 



Fig. 2 

One of 5 exposure chambers (silica alone). Inside view. 


After leaving the dust generator, the larger dust particles, makin_ 
up about 60-75 % of the total weight, are centrifugally separated from 
the air stream by passage through a “ cyclone tjpe separator ^ 
“cyclone” (E) consists of a cylindrical tube 15 cm. in diame.er ^ 
54 cm. high. The dust-laden air enters the tube tangentia \ “• ^ 
lower end and emerges from an outlet in the center of the cornea P 
Then the dust is bubbled through a 2-liter flask half full ol 1 . iw 

In previous work it was observed that by this simple technique ol 
the dust it was possible to separate out the majorhv of the 
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tides; 96 % of the dust particles remaining being less than 1 micron 
in diameter. 

From the washing flask (F) the dust passes directly to the exposure 
chamber (Fig. 2 and 3). Of the dust in the generator tube, only 
3. 4-4.6 % by weight succeeds in passing through the selector system 
and into the chamber (see Table I). 



Fig. 3 

Two of 5 exposure chambers (silica ~ NaCl aerosols, left chamber- 
right chamber). Outside view. 


silica -f- aluminum 


An exhaust system is so regulated that a slight constant negative 
pressure is maintained within the chamber. 

The same technique was used for the animals exposed to the silica 
dust with aluminum added; the silica being mixed thoroughly with 
McIntyre aluminum powder so as to contain 2 % of it by weight before 
introducing it to the generator tube. After passing through the selector 
" 0 , m ’ * q percentage concentration of the aluminum increases from 

2 /o to 6 /o This is probably due to the different physical states of 
the silica and aluminum. 
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l 

| For the production of silica dust plus aerosols of NaCl, the same 

technique is used (Fig. 3), except that the dust current is mixed with 
| the aerosol current immediately beyond the outlet of the washing 
flask. (Fig. i, H). 

For the production of the aerosols, an M 3 (4 X 3) generator, previously 
described (5), was used. It had 12 jets, its water flow was circa 100 cm 3 
per hour, under an airpressure of circa 22 pounds per square inch 
on the jets. The mean micellary size of the aerosols produced is 
d: 0.5 micron at 1125 X, and circa 220 Angstrom units under the 
electron microscope. An automatic syphon refilling apparatus main- 



Fic. 4 

Dust generator for aluminum powder. A) Rubber hammer H* ( n * t * jl; nr 
every to seconds. B) Rubber belt for constantly rotating the au^t-co- 


tlir 

, • , . f 
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tains a relatively constant level of the NaCl solution in the generator 
(Fig. 3). The concentration of this solution, 5 % at the start, does not 
exceed 11 % after 6 hours of dispersion. 

In the three cases above, the quantity of dust-laden air (with or 
without aerosols) passing through the chamber was approximately 
250 liters per minute. Before leaving the exposure chambers, the air 
was filtered through cotton waste, placed directly in front of the exhaust 
pump and cleaned at regular intervals. 

For the dispersion of the dust aluminum alone, an additional device 
was required. The stickiness of this powder normally prevents its 
being carried along by the air current passing at the upper part of the 
generator tube. To avoid this, an apparatus was used consisting of a 
rubber hammer operated by a cam device for tapping the tube at 
io-second intervals (Fig. 4, A). Moreover, the tube containing the 
dust was constantly rotated by means of a rubber belt (Fig. 4, B). 
With this device it was possible to obtain a regular current of aluminum 
dust. Every evening, however, it was necessary to clean out the deposit 
which accumulated in the narrow part of the tube each day. 

Finally, the animals exposed only to the aerosols of NaCl were 
subjected to exactly the same conditions. The aerosols were produced 
by M 3 (2 x 3) generator described previously (5). It has 6 jets and 
dispersed 40 cubic centimeters of liquid per hour. The characteristics 
of the aerosols produced by this machine are exactly the same as those 
of the aerosols produced by the M 5 (4 x 3) machine. 

The temperatures within the exposure chambers varied from 24 0 C. 
to 29 0 C. according to the weather, but were approximately the same 
in all chambers at any given time. 


II. Dust and Aerosol Analysis 

A sampk of the atmosphere was taken twice a week from each of 
t e chambers with an electrostatic precipitator (Mines Safety Appliances). 

ew additional samples were taken as checks. The volume of air 
sampled during each test was 10 cubic feet in about 5 minutes. 

Each sample taken was weighed to the nearest tenth of a milligram. 
For the sample containing silica plus NaCl aerosols, the precipitator 

u e was washed after being weighed and its NaCl content estimated 
by the classical Volhard method. 

° f SiHCa ^ CaCh Chamber ’ alth °ugh varying slightly 
y o ay, remained fairly constant on the whole. The average 
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for a series of 96 samples from each chamber during 183 days’ exposure 
gives the following results : 

Silica alone 47.8 mg. SiCh 

Silica plus 6 % aluminum 48.1 mg. Si 0 2 + A 1 

Silica plus NaCl aerosols 42.6 mg. SiO. and circa 70 mg. NaCl ('). 


It will be noted that the quantity of dust found in the chamber where 
silica and aerosols were dispersed simultaneously, is slightly lower than 
that of the other chambers. Since approximately the same quantity 
of silica entered each of the chambers (as can be seen from Table I 


Table I 


Dust Economy of the Exposure Method 


Chamber 

Dust 

Dispersed 

Gm 

I 

Dust 

Retained ] 
in | 

Elutriator i 
Gm 

t 

1 

Dust 
Retained 
in Water 
Flask 

Gm 

Dust 
Entering 
Chamber (by 
| difference) 
Gm 

Average 

Relative 

Humidity 

| 

Silica alone 

338 

256 ( 75 - 6 %) 1 

1 71 (21%) 

ii. 7 ( 3 - 4 %) 

1 

; 

Silica 4- 6 % 



i 

15.6 (4.6%) 

1 

Aluminum 

335 

246 ( 73 - 6 %) 

73 (21.8%) 

62 

Silica + NaCl 




14.x (4.0%) 

j 

1 

66 

61 

1 

Aerosols 

Outside air (attic) 

35 i 

256 ( 73 %) 

82 (23%) 

1 

t 

1 


which gives the average results for 15 experiments), it is reasonable to 
explain this slight difference by the fact that dust particles aggregated 
by the aerosols settle down more rapidly than individual particles, 
thus reducing to some degree the quantity of silica present at the le\e 
of the sampling (midway between floor and ceiling). 

In order to estimate the particle size of the silica used, the following 
technique was employed : with the animals removed from the c .mi < 
dry collector plates were placed on the floor of each chamber, t e i 
was dispersed for half an hour by the same procedure as that 0 0. 
each day. After this half-hour dispersion, the dust was a o 
settle for 16 hours, after w’hich the plates were withdrawn an _ 

under optical and electron microscopes (after shadowing wit 


(>) The amount of NaCl in the air of the chamber containing r “^, 

is mentioned in the previous section, was greater at the en o! .r.e ^ ? , 0 «», 

>n account of the increase in concentration of the generating 


as 

on 


10 


O/ 
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in the latter method). Aggregates included, the mean size of the silica 
dust was found to be 0.7 micron under electron microscope. Under 
optical microscope at 1125 X, the mean size for particles considered 
as discrete was 0.64 micron. Three per cent only were above 1.0 micron 


m 


iK- 


•£Sg 




of N»C1 dr nC 'l U , nd ' r f'"''" ™ CrOSCOPe 0f dust " a,ed " i,h NaC1 Note dcbtr, 

of NaCl droplet, vend central crystal and adhering dust particles. 

and none above 1.5 microns. Fig. 5 shows the appearance of the 
ust coated with NaCl aerosols. Debris of the NaCl droplets can be 
seen, with a NaCl crystal in the center adhering to dust particles. 


III. — Pathology 

the^eteS u “ dUa ' P , Urp ° Se : To determine whether or not 

in Totted 1 "' aS d “ “ the P resen ce of NaCl aerosols 
repeated exposures; 2 . To determine the action of both NaC! 
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aerosols and aluminum powder in the prevention or retardation of 
silicosis. The results relative to the second part of this work will be 
published later. 

The number of animals serving only for the demonstration in this 
paper of the action of NaCl aerosols on the penetration of dust into 
the lungs was much reduced, in order to save as many animals as possible 
for observation of the effects of NaCl aerosols and aluminum powder 
upon the appearance of silicosis later. From each of the three chambers 
containing silica (silica alone, silica plus aluminum, silica plus NaCl 
aerosols) one rabbit was sacrificed after exposures of varying durations, 
2i rabbits altogether. 


24 days actual exposure spread over a period of 40 days 
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The animals were sacrificed by intravenous injection of nembutal 
from 24 to 74 days and by a blow on the neck from 103 to 183 days. 
After tracheal ligation to prevent pulmonary collapse, the lungs were 
removed intact, injected through the trachea (below the ligature) with 
12 cc. formalin, allowing the trapped air to escape through a pinhole, 
then fixed in 10 % formalin for 48 hours. The formalin was buffered 
to pH 7 with dibasic sodium phosphate and dihydrogen potassium 
phosphate, and had a salt concentration of approximately 0.9 %. 

Tissue blocks extending from the hilus to the pleura were taken 
from corresponding parts of each lobe in each rabbit (right superior 
lobe, right middle, right inferior lateral, right inferior median, the left 
inferior and left superior lobes, and a large section of the left superior 
lobe, to correspond with the right middle lobe in man). After routine 
embedding in paraffin, sections were cut at a thickness of 6 microns 
for staining. One section from each lobe was stained with eosin 
methylene blue and one section stained for iron using Perls’ Prussian 
blue reaction (6), and counterstained with basic fuchsin. 

Two other sections (cut at 15 microns) of each corresponding lobe 
were incinerated at 500° C. for two hours, one of them being then 
treated with 50 % HC1 at 75 0 C. for two minutes and rinsed with 
distilled water (7). On such incinerated slides the estimation of the 
amount and distribution of dust in the lungs was readily accomplished 
by microscopic examination. 
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However, so as to avoid any subjective errors of interpretation, micro- 
photographs were taken of sections from each rabbit at very low 
magnification (27 X) covering in all cases corresponding parts of the 
subpleural regions where, as it is known ( 8 , 2), the dust tends to 
accumulate preferentially. 

Furthermore, silica analyses were done on the left lung of each of 
these rabbits. The results are in table II. 

Determination of Silica. 

The method employed for silica determination was essentially that 
of King (9), although a few modifications were made for the sake of 
simplicity and speed. The technique is described briefly as follows : 

A representative sample of formalin-fixed lung tissue was dried to 
constant weight at iO5 0 -iio° C., pulverized in a nickel crucible with 
an iron pestle, and a 25 gm. sample weighed into a platinum dish. 
The sample was then carefully heated over a low flame to char the 
tissue after which a 25 gm. of sodium carbonate was added. Ashing 
was completed over a strong flame (> iooo° C.) which fused the sodium 
carbonate and effected the conversion of any silica present to soluble 
sodium silicate. The melt was dissolved in water, and made slightly 
acid with sulfuric acid and heated to dispel carbon dioxide. The solution 
was transferred to a 50 ml. flask and diluted to the mark with distilled 
water. An aliquot containing from 0.02 to 40 mg. of Si 0 2 was trans- 
ferred to a 50 ml. glass stoppered cylinder and diluted to about 40 ml. 
with water. 5 ml. of 5 % ammonium molybdate in 1 normal H 2 S 0 4 
was added and the solution was mixed and allowed to stand 5 minutes 
for maximum color development. 3 ml. of 5 % oxalic acid was then 
added to bleach out any color due to the presence of phosphates. This 
technique, suggested by Feigl (10), was chosen in preference to the 
phosphate precipitation method used by King, because of its simplicity 
and the fact that comparative analyses in this laboratory gave equally 
good results with the two methods. 

The solution was diluted to the mark, mixed and the density measured 
within a few minutes in a Coleman Spectrophotometer (Model 11) 
at a wave length of 420 millimicrons. The silica content of the sample 
was then read from a curve which was prepared by treating known 
amounts of silica in the manner described above. 

Numerous analyses of known amounts of silica by the above method 
showed an accuracy equal to that reported by King. 

The reduced molybdate color method, used by King and many 
others in visual comparison apparatus, was found to be unnecessary 
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since in the spectrophotometer the yellow silico molybdic acid method 
proved to be equally sensitive and reproducible. 


Table II ( J ) 

Weight of SiO. Found in the Lungs of Rabbits Exposed to the Three Different Test Conditions 
(Each figure represents results from one rabbit) 



I 

II 

III 


SiO. 

SiO. + A 1 

Si 0 2 + NaCl 

24 days’ 

exposure 

10.8 mg/gm. dry lung 

3-9 

7-3 

50 » 

X 

21.7 

X X 

X 

6.7 

7-3 

74 * 

X 

4-1 

» X 

X 

14.0 

13-3 

103 >• 

X 

20.0 

X X 

X 

16.4 

10.0 

122 » 

* 

24.5 

X X 

X 

19.0 

10.2 

145 » 

* 

12.9 

X X 

X 

12.2 

7-7 

183 » 


27.2 

X X 

X 

32.3 

9-3 


A comparison of Columns I and III in table II reveals a reduction 
in the amount of silica retained in the lungs of these rabbits receiving 
their dust mixed with NaCl aerosol. However, regardless of this fact, 
we do not consider these results to be of significance in this type of 
experiment. The lung tissues analyzed included all of the lung, from 
just distal to the bifurcation of the trachea to the lung periphery. 
However, the effect of the NaCl aerosol upon the deposition of silica 
in the lungs, as will be shown below, is to increase the percentage of 
this dust impinging upon and settling into the walls of the bronchi, 
thereby increasing the ratio of bronchial to alveolar deposition of dust. 
It is, therefore, obvious that the silica analyses of the whole lung do 
not necessarily correspond to the amount of dust retained in the deep 
parts of the lungs. The significance of the above analytical results is 
subject to other variables, viz. differences in the body size, degree of 
thoracic expansion, uniformity of distribution of the inspired air and 
its velocity, differences in efficacy of ciliary action and nasal filtration. 

Denny, Robson and Irwin (ii) while finding some correlation 
between lung silica content and lung pathology, also observed the wi e 
variation (up to io times) in analytical data obtained. See Tab e 


(*) On normal adult rabbits (8 animals not exposed to Si 0 2 ), the lun = silic 
was found to be 1.48 mg/gr. dry tissue. 
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Table III 


Lack of parallelism between time of exposure to silica dust and the amount of silica found 

in the lungs 

Data of Present Paper Denny, Robson & Irwin 


Hrs. Exposure to 
88,000 particles/cc. 

Mg. Si0 2 
per gm. dry lung 

Hrs. Exposure to 
20,000 particles/cc. 

Mg. Si0 2 

per gm. dry lung 

144 

10.8 



300 

21.7 

1260 

5-8 



7) 

55-o 

444 

4-i 

1608 

2.3 



1656 

6.6 



» 

14.2 



t 

8.1 

618 

20.0 

2316 

34-o 



2412 

43-2 



2580 

87.4 



2628 

8.9 

732 

24.5 

2760 

15-7 



2796 

73-7 



» 

46.5 



)) 

71.4 

870 

12.9 

» 

67.0 



)) 

5i-3 



3024 

9-7 

1098 

27-3 




Moreover, due to the absence of X-ray diffraction figures for the 
free silica present in the lungs, it cannot be assumed that the amount 
of silica found by chemical analysis represents the true picture of the 
actually active silica. It is therefore felt that, although these analyses 
may contribute to an evaluation of other data, they have little signifi- 
cance in themselves. 


Results 

i) From exposures of 50 days on, the lung parenchyma of rabbits 
not submitted to NaCl aerosols shows dense foci dust-laden cells. 
The alveolar phagocytes are aggregated more closely and appear denser 
m Si0 2 + A1 than in Si0 2 animals. In animals exposed to Si0 2 + Al, 
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Fig. 7 

Appearance of a large bronchus of a rabbit exposed to ^ncS 

NaCI aerosols for ,03 days. - Compare the iron blue stained bronchial 

the corresponding bronchus of figure 6. 
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the aluminum is demonstrable in phagocytes by aurine staining (*) (1 1, II) 
both diffusely and as discrete particles. The Prussian blue reaction 
from the admixed iron in silica dust is much more conspicuous in the 
large bronchi and much less in the alveoli in rabbits submitted to NaCl 
aerosols than in rabbits exposed to SiO s alone or Si 0 2 -f- A 1 ; in these 
latter cases, the alveolar dust foci appear deeply blue stained. In the 
large bronchi of aerosol-treated rabbits, the blue reaction appears either 
diffuse in the bronchial epithelial cells or as isolated particles admixed 
with mucus along the bronchial walls. 

Figs. 6 and 7 show the appearance of a large bronchus after 103 days’ 
exposure respectively to silica alone and to silica plus NaCl aerosol. 
As may be seen, the bronchial epithelium of the rabbit submitted to 
silica and NaCl aerosols is deeply blue-stained in a diffuse manner. 
Isolated partioles are also seen admixed with bronchial mucus. The 
corresponding bronchus of the same lobe in the rabbit submitted to 
silica alone is free from the Prussian blue reaction. This indicates that 
the amount of silica (containing 2 % iron) deposited in the large 
bronchi is greater when NaCl aerosols are used. 

Fig. 8 shows, at higher magnification, a representative picture of the 
appearance of the dust-laden cells in the alveoli of corresponding sub- 
pleural parts of rabbits exposed for 103 days to silica alone, silica plus 
aluminum, and silica plus aerosols, respectively. These results corres- 
pond in each of the 7 lobes of each of the 7 series of rabbits ( 2 ), but are 
progressively more pronounced from 50 days’ exposure on P. From 
this it may be concluded that aerosol -treated dust tends to deposit in 
the large bronchi and has a decreased tendency to penetrate to the 
depths of the lungs. 

In silica-aluminum treated lungs, the areas showing the aurine reaction 
correspond exactly to the areas stained with the Prussian blue reaction. 
The aurine reaction is always negative in lungs treated with silica alone 
and Si 0 2 -f- NaCl aerosol. 

(‘} A 2 % aurine solution buffered to an approximate pH 5.2 (the buffer solution being 
made up of 3.8 parts of 5 Molar Solution Ammonium Chloride, 3.8 parts of 5 Molar 
Solution Ammonium Acetate and 1 part of 6 Normal Solution Hydrochloric Acid) is 
prepared just before staining the sections. The aurine solution is heated to approxi- 
mately 75 0 C. and then poured into the staining jar containing the sections and left at 
room temperature for 5 minutes. The sections then are rinsed in water, dipped 3 times 
in a decolorizing solution (same buffer solution as in aurine solution, 0.36 part, + ammo- 
nium carbonate 1.6 molar, 1 part), rinsed in water, counterstained with a weak solution 
of methylene blue (1 cc. of 1 % methylene blue solution + 125 cc. of 2 % acetic acid 
solution + 37s cc. distilled water), dehydrated (in 95 % alcohol 5 minutes, absolute 
alcohol 5 minutes, acetone-xylol 50/50 5 minutes, xylol 5 minutes) and mounted in clarite. 

( 2 ) Altogether 147 lung sections. 
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A 


B 


C 



Fig. 8 

A) Appearance of dust-laden cells in subpleural parts of a rabbit’s lung after 103 days’ 
exposure to silica alone. Note foci of alveolar dust cells. B) Appearance of dust- 
laden cells in subpleural parts of a rabbit’s lung after 103 days’ exposure to silica -f 
aluminum. Note foci of alveolar dust-laden cells denser than in A. C) Appearance 
of subpleural alveoli of a rabbit’s lung after 103 days’ exposure to silica -f NaCl aerosols. 
Note absence of dust foci. 


Si O o + Na Cl 



24 DAYS EXPOSURE 


Fig. 9 

Incinerated acid-treated subpleural sections of 2 rabbits’ lungs after 24 days’ exposure 
respectively to silica alone and silica -f- NaCl aerosols. 
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2) Examination of the incinerated sections confirms these findings. 
Fig. 9 (24 days’ exposure), Fig. 10 (50 days’ exposure), Fig. 11 (1 03 days’ 
exposure, Fig. 12 (122 days’ exposure) and Fig. 13 (145 days’ exposure) 
at low magnification (27 x) show that even in the subpleural parts, the 
amount of dust retained in the lungs is much smaller when NaCi 


SIO2 + NaCI 



R 

L 

L 


L 

U 

L 


50 DAYS EXPOSURE 



Fig. 10 

Incinerated acid-treated subpleural sections of 3 rabbits’ lungs after 50 days exposure 
respectively to silica alone, silica + aluminum and silica - 1 - NaCi aerosols. 


aerosols are used. From these photomicrographs it can also be seen 
that the accumulation of dust in foci, which is common when silica 
alone or silica plus aluminum is used, is hardly ever encountered when 
dust is aerosol-treated. 

Fig. 14 shows the gross appearance of rabbit’s lungs after 183 days 
exposure respectively to silica alone, silica + aluminum and silica + 
NaCi aerosols. It also shows the aspect of a rabbit s lung expose 
for 94 days to ± 7 ° mg. P er cubic meter of NaCi in aerosol form. 
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Macroscopic lesions can be seen in rabbit exposed to silica alone (note, 
also, presence of pulmonary abscess) and to silica -f aluminum. They 
appear as spots of various dimensions, definitely smaller but more 
numerous in the silica-aluminum rabbit. The lungs of the rabbit 
exposed to silica + NaCl aerosols showed no macroscopic lesions as 



Incinerated acid-treated subpleural 
respectively to silica alone, silica + 


Fig. ii 

tions of 3 rabbits lungs after 103 days’ exposure 
alummum and silica + NaCl aerosols. 


of these lungs tlS . SUe fF, °' "5)- Microscopic sectiot 
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Fig. 16 shows the appearance of incinerated acid-treated sections 
(in corresponding subpleural regions) at 27 x and confirms previous 
findings as evidenced by figs. 9, io, 11, 12 and 13. 

After 183 days’ exposure, the lymphatic glands at the root of the 
lungs are practically free of dust in silica + aerosol rabbit, while they 



Fig. 12 

Incinerated acid-treated subpleural sections of 3 rabbits’ lungs after 122 days’ exposure 
respectively to silica alone, silica -f aluminum and silica -}- NaCl aerosols. 


appear to contain dust (either scattered or in foci) in silica alone an 
silica -j~ aluminum rabbits either in stained sections (Prussian ue 
reaction) or in incinerated acid-treated sections (Fig. 17)- 

Study of the two sets of incinerated sections (acid and non aci 
treated) also permits the localization of the iron accompanying t e 
silica. On ordinary incinerated slides examined under oblique 1 u 
nation, the characteristic color of iron oxide appears as a coating 
the large bronchi in the aerosol-silica rabbits while in si ica a o 
rabbits or in silica-aluminum rabbits, the large bronchi are ree 0 
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iron color, although the smaller bronchi sometimes show it. In the 
two latter cases, the alveoli and the dust foci in the pulmonary depths 
are iron stained. The iron color, in all cases, disappears in acid- 



Fig. 13 

Incinerated acid-treated subpleurai sections of 3 rabbits lungs after 145 days* exposure 
respectively to silica alone, silica + aluminum and silica + NaCl aerosols. 

From fig. 11 to fig. 13 note absence of dust foci in alveoli when treated with NaCl 
aerosols. Note, also, that aluminum-silica dust foci are denser and more numerous 
than silica alone dust foci. 


treated incinerated sections. The localization of the iron color observed 
in non-acid-treated incinerated sections corresponds exactly to the 
localization of the Prussian blue reaction observed in the stained sections. 
This indicates that iron mixed with silica in 2 % proportion is a con- 
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venient means of tracing the latter in stained as well as in incinerated 
sections. 

3) Some fragmentary results reported in a previous paper (2) indi- 
cated that NaCl aerosols did not, by themselves, produce any significant 
.change in the histological appearance of rabbits’ lungs after short 
exposures to such aerosols. Another series of rabbits and rats has been 
exposed to jfraCl aerosols ( ± 70 mg. per cubic meter) for longer periods 
of time and the lungs compared with those of 5 normal rabbits and 
10 normal rats, according to the following schedule : 


Nos. Rabbits 

Nos. Rats 

Time of Exposure 

5 

5 

S hours 

5 

j 5 

10 hours (in 2 days) 

1 


13 days (6 hrs. a day) 

I 

1 

r 

34 days (6 hrs. a day) 

I 

1 

53 days (6 hrs. a day) 

1 


60 days (6 hrs. a day) 

I 

1 

94 days (6 hrs. a day) 

1 


H3daysin2 periods of 60 and 53 days, 

! 


interrupted by 2 months in nor- 
mal atmosphere. 


All the rabbits gained in weight during long exposures and none has 
shown histological changes which can be attributed to the NaCl aerosols. 

Blood chloride estimations have been made in normal rabbits and in 
rabbits chronically exposed to silica dust alone, to silica plus aluminum, 
to silica plus NaCl aerosols, to aluminum powder alone and to NaCl 
aerosols alone. The results are reported in the following table : 


Table IV 

Blood Chlorides ( Mg %) — Rabbits (*) 


Type 

^Exposure) 

5 

hrs. 

10 

hrs. 

34 

da. 

50 

da. 

54 

da. 

74 

da. 

9i 

da. 

103 

da. 

121 

da. 

lyO 

da. 

145 

da. 

183 

da. 

.Controls 

449 (4) 










498 ( 8 ) 


5 % NaCl 

429 (4) 

473 (4) 

493 (0 


522 ( 1 ) 

492 (6) 

547 (0 






5% NaCl 













+ Si0 2 






390 (0 


448 (1) 

454 (0 

536 ( 1 ) 

518 (1) 

547 (0 

Alumin. 





493 (i)SI9 ( 1 ) 

5°3 ( 4 ) 






Alumin. 

+ Si0 2 




402 (1) 

1 

;4oi ( 1 ) 


470 (0 

486 (1) 

519 (0 

514 (0 

528 (1) 

Si0 2 






358 ( 1 ) 


464 (1) 

432 ( 1 ) 

584 ( 1 ) 

531 (0 

544 l 1 ) 


(i) The numbers in parenthesis refer to the number of animals in each experiment. 
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From these results it can be assumed that NaCl aerosols, by them- 
selves, do not produce any apparent effects. The general trend of the 
blood chlorides to increase with length of exposure, even in those 
animals not subjected to NaCl aerosols, cannot be satisfactorily explained, 
except possibly on a seasonal basis, the exposure covering an eight . 
month’s period from the middle of December to the middle of August. 

4) Three groups of four young rabbits (weighing ca. 2 kilos) were 
exposed respectively to silica dust, silica and aluminum dust and silica 
4- NaCl aerosols. After 5 months of exposure the weights of all 
rabbits became approximately constant. The group exposed to silica 
dust and saline aerosols, however, had gained ca. 500 grams over the 
others, and this difference was maintained up to 8 months, when the 
present study ended. 


Summary and Conclusions 

Evidence has been presented to confirm our previously expressed 
opinion that prolonged inhalation of aerosols generated from a 5 % 
to 10 % sodium chloride solution produces no harmful effects in rabbits 
and rats. The results obtained during 24 to 183 days’ exposure on 
7 rabbits compared to 7 rabbits exposed to silica alone and 7 rabbits 
exposed to Si 0 2 + aluminum show that the mixture of such aerosols 
with air containing a high concentration of quartz dust has lessened 
the amount of dust deposited in the lungs. In addition to this favorable 
quantitative comparison, histological examination of lung sections has 
shown that the aerosol treated silica dust which does penetrate the 
lung does not tend to accumulate in large alveolar dust foci as is the 
case with untreated dust or silica mixed with aluminum. It thus appears 
that the distribution of the aerosol treated dust in the lung would be 
less conducive to the development of silicosis than in the case of un- 
treated dust. Exposures are being continued in an effort to confirm 
this thesis. 

The use in aerosol form of a cheap, readily absorbable and excretable 
agent and one normally found in the body fluids, such as sodium chloride, 
appears to offer advantages over previous methods used for combatting 
fine dusts, provided, of course, final results are equal or superior to 
previously used methods. This will require confirmation in the field. 
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It has been shown previously (1) that NaCl aerosols (micellary mean 
size : 0.5 micron under the optical microscope), when mixed in the 
air with fine dust particles produced a liquid coating on the particles as 
well as their aggregation, resulting in an increase in size, a greater 
retention of the dust in the upper parts of the respiratory tract and 
consequently a reduction of the dust deposition in the deep parts of 
the lungs (1, 2). 

It has also been shown that the more concentrated the aerosol-gene 
rating solution, the larger were the aggregates formed. With a 5 to 
10 % solution, the mean size of the aggregates was found to be ca 
7 microns for 0.5 micron dust particles (mean size), some of the aggre 
gates having been observed up to 30 microns (1). These results were 
obtained with an optical microscope at 1125 X magnification, a ^ er 
passing dust alone and the dust-aerosol mixture through a c h a m 
where the particles were collected by sedimentation on a glass s i e. 

The present paper deals with ultra and electron microscopic n mg , 
using for the dust collection either sedimentation or electrostatic pr 

pitation. . . 

For electrostatic precipitation, a Mine Safety Appliances evic 
used. Samples of the various atmospheres were collecte at mi y 
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between ceiling and floor in different chambers where, under the same 
conditions, dust alone, NaCl aerosols alone and dust -f- aerosols were 
dispersed according to a method described elsewhere (2). For the 
dark field ultramicroscopic pictures, samples were collected on large 
glass coverslips (24 X 50 mm.) inserted at the distal end of the cylindrical 
collecting tube and the pictures taken in each case at the center of the 
coverslip. Figure 1 represents, at low magnification, the appearance 

SICX NaCi Aerosol SI0 2 + NaCl Aerosol 



Electrostatic precipitator samples 
4 Cu Ft air / two minutes lateral illumination 

Fig. 1 

Formation of large aggregates by mixing SiO = dust with NaCl aerosol. 


respectively of dust alone, NaCl aerosol alone and dust-aerosol samples 
for a 2-minute collection. Figure 2 shows that, in the collections of 
1, 2, and 3 minutes’ duration in identical positions in the collecting 
tube, the aggregation process increases as the duration of collection is 
lengthened. 

For electron microscopic studies, seven collodion screens were placed 
on an aluminium plate (1x8 centimeters) placed at the distal end of 
the collecting tube. This method allows one to study increasing 
concentrations of deposits from proximal to distal collodion screens 
(compare 1st row Fig. 6 to 2nd row Fig. 3). 

Figure 3 shows the appearance respectively of Si 0 2 dust alone, NaCl 
aerosols and dust with aerosol samples taken from the 7th (most distal) 
collodion screen. As can be seen from this figure, the mixture of 
Si 0 2 dust and NaCl aerosols results in a considerable aggregation. 
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However, in such a picture, the differentiation of the dust particles 
within the aggregates did not appear feasible and therefore a procedure 
was attempted for reaching such a differentiation. After shadowing 

Si 0 2 SiO z + NaCl Aerosol 

45 mg/m 3 45 mg/m 3 140 mg/m 3 


1 Min. 


2 Min. 


3 Min. 




Electrostatic precipitator samples 
2 Cu. Ft/Minute lateral illumination 

Fig. 2 . , 

Progressive increase in number and size of dust-aerosol aggregates vit 
periods of collection. 


with chromium, a picture of the aggregates was taken, t ~n e 
gates were submitted to an electron bombardment, using 
filament gun, care being taken not to disrupt the collo ion su 
Under a powerful electron beam, one can follow very easily P 


Si 0 2 4- NaCl Aerosol NaCl Aerosol ioo mgmr 5 Si 0 2 45 mg/m 
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gressive clearing up of the NaCl crystals due probably to their evapo- 
ration, while the Si 0 2 dust particles, having a higher evaporation 
temperature, remain stable under the beam. The result is shown in 
figures 4 and 5, representative of a dust-aerosol aggregate before (Fig. 4) 



Electrostatic precipitator samples 
2 Cu. Ft/Minute, 2 Minutes electron microscope. 

Fig. 3 

Appearance under the electron microscope of Si 0 2 dust, NaCl aerosol and Si 0 2 -NaCl 
aerosol mixture. 


and after (Fig. 5) heating the sample. These figures clearly show that 
the proposed differentiation of the two kinds of particles can easily 
be obtained by the technique described. 

Figure 6 is the representation of samples from the first (most proximal) 
of the seven collodion screens. It can be seen that mixing aerosol 
with dust increases the amount of NaCl crystals collected. The 
clearing up of the NaCl crystals is also shown at the lower part of the 
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picture ( 1 ). Figure 7 refers to different samples of Si 0 2 dust alone and 
dust + NaCl aerosol collected by overnight sedimentation on collodion 
screens placed at the bottom of the exposure chambers and chromium 
shadowed. The NaCl crystals appear cleared up by the electron 



Fig. 4 . . . t 

Si0 2 dust and NaCl aerosol aggregate before bombardment with an intense 
microscope beam. 

bombardment. Here again the differentiation of the NaCl crystals and 
the dust particles is readily recognized. The amount of Si 2 us 
dispersed was 64 milligrams per cubic meter of air (upper pictur 
Figure 7); for the dust-aerosol mixture (lower picture of igure 7 , 
the amounts of material dispersed were respectively 50 roS/ 1 ** * 

and 128 mg/m 3 NaCl aerosol. From these pictures it can also e se 
that mixing Si 0 2 dust with NaCl aerosol not only pro uc 
aggregates but also that the amount of dust collecte per e 
greater when the dust is mixed with NaCl aerosols. 

0) In fig. 5 and 6 sufficient electron heating deliberately was not gnen 
all the NaCl crystals. 
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Fig. 5 

Same aggregate as in fig. 4 after bombardment with an intense electron microscope 
beam. The NaCl crystals are now easily differentiated from the SiO, dust particles. 


Electron microscope 



Electrostatic precipitator 
2 Cu. Ft/Min.-2 Min. 

Fig. 6 

Upper row : NaCl aerosol. Lower row : NaCl aerosol + Si 0 2 dust after clearing 
up of some of the NaCl crystals. On the enlarged view of a Si 0 2 -aerosol aggregate, the 
intact silica dust particle and the residual chromium shells on the NaCl crystals are 
visible. 
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16 hour sedimentation. Electron microscope. 



Note the larger amount of dust collected with aerosol. 

Fig. 7 

-Aggregation of SiCY dust by NaCl aerosol (overnight sedimentation). Differentiation 
of dust particles from NaCl crystals. 


Summary 

Confirmation is obtained that NaCl aerosols induce aggregation of 
fine Si 0 2 dust particles. A method is described for the differentiation 
of Si 0 2 dust particles and NaCl crystals within the aggregates, utilizing 
an intense electron microscope beam. 
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SERVICE DE CHIMIE THERAPEUTIQUE, INSTITUT PASTEUR PARIS 


PRQPRl£T£S CARDIOTOXIQUES DU 2489 F 
(4 - AMINO - 4' - DlfiTHYLAMINOPROPYL AMINO - DIPHfi NYLSULFONE) 
ACTION ANTAGONISTS DU 1262 F (DACORfiNE) 

(With Summary) 

PAR 

J. JACOB, G. MONTfiZIN et D. BOVET ( x ) 

(Travail repu le 22-3-1949J. 

La 4-4'diamino-diphenylsulfone et plusieurs de ses derives sont 
principalement connus pour leurs proprietes antimicrobiennes ; la 
4-amino-4'-diethylaminopropylamino-diphenylsulfone (2489 F), dont la 
synthese a ete realisee par T.-J. Trefouel et N. Hurion-Beaugeard, 
se singularise par d’intenses proprietes cardiotoxiques, deja decrites 
par l’un de nous (Bovet, Bovet-Nitti, Trefouel et Beaugeard, 3 ). 



NH, NH(CH 2 ) 3 N(C 2 H b ) 2 

2489 F 

Cette substance provoque, chez Ie chien, des symptomes apparentes 
k ceux qu’occasionnent des doses toxiques de corps digitaliques ou 
d ’aconitine et la mort survient le plus souvent par fibrillation ventri- 
culaire; en outre, ces troubles cardiaques peuvent etre remarquablement 
prevenus par 1 ’ administration d’un autre derive de synthese, le 1262 F 
ou 2-diethylaminoethylamino-diphenyle. 

Ces faits nous ont incites a poursuivre l’etude de 1 ’intoxication par 
le 2489 F. — Dans ce travail nous exposerons les resultats d’experiences 
qui ont eu pour objet : 

1) une description precise de la symptomatologie de l’intoxication 
aigue chez le chien; 

2) les modifications que subissent ces symptomes sous 1’ influence de 
poisons du systeme nerveux autonome et d’agents pharmacologiques 
auxquels des proprietes antifibrillantes ont ete attributes. 

P) Adresse actuelle : Istituto Superiore di Sanitd, Roma. 
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Caracteres de l’ intoxication cardiaque par le 2489 F 

Chez le chien, les symptomes sont presque exclusivement cardiaques 
et 1’ absence d’ action extracardiaque importante apparait tout aussi bien 
chez 1’ animal eveille que chez l’animal anesthesie. 


1. 


Essais sur le chien normal 


L’ administration, par voie sous-cutanee de 10 mg/kg de 2489 F 
provoque la mort du chien normal en 1/2 heure a 3/4 d’heure. Pendant 
ce laps de temps, la respiration, la motricite et la psychisme de l’animal 
sont normaux; les secretions lacrymales et salivaires, le diametre pupil- 
laire restent inchanges et il ne survient ni vomissement, ni diarrhee. 
Le rythme cardiaque est regulier, mais la frequence en est augmentee. 
L’electrocardiogramme revele deja des anomalies importantes. Puis, 
brutalement, sans autre symptome premonitoire, l’animal s’abat comme 
une masse; les battements cardiaques deviennent rapidement impercep- 
tibles. L’animal, gisant, respire encore pendant une minute environ, 
quelques mouvements respiratoires profonds indiquent son ago 
l’ECG traduit alors un etat fibrillatoire des ventricules. 

Parfois la fibrillation ne se produit pas et l’animal peut ec apper a 
cette premiere crise. En quelques instants il semble re evenu 
mais une seconde crise peut encore survenir et se terminer p 

lation ventriculaire mortelle. . . 

Si la dose administree est moindre (5 mg/kg), l’ammal se comporte 

tout a fait normalement et rien ne traduirait l’intoxicauon n etaae 
une tachycai-die modiree et les deformations du trace electrocar 
graphique. 

2> _ Essais sur le chien anesthesie 

Chez le chien anesthesie a la chloralosane, l’intoxication par le 2489 F 

evolue en quatre stades : • . 

le premier, inconstant, correspond a des pWnomenes card, oton.ques, 
le second est caracterise par des anomalies es sys o ^ tr0U bIes 
qui restent parfaitement reguliires. On ne peu ^ de chaque 
qu’au moyen d’enregistrements qui perm Y nQUS p avons 

systole (ECG f 1 ), traces mecamques a grande )' 

jg j’giectrocardio- 

( x ) Les traces electriques ont ete recueillis en derivation I 
graphie a inscription directe de Duchosal-Luthi. 




b 


1 


1 





m 
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Fig. i 

Intoxication par le 2489 F 

Experience du 15-1-48. — Chien<J 7 kg, anesthesie a la chloralose. 

En haut : Trace tensionnel. 

Temps en 10 secondes. 

En f injection i.v. de 2489 F (1,5 mg/kg). 

Aspect typique de la bradysphygmie anarchique; celle ci apparait 50 sec. aprfes l’injec- 
tion et retrocede spontanement. 

En bas : Electrocardiogrammes. 

I. Trace temoin. 

II. 3° sec. apres l’injection : Tachycardie, disparition de P et de l’intervalle S T- 

Predominance de S; Onde T considerable. ’ 

jIF Trace anarchique: complexes arrondis, inegaux et irreguliers. 

IV. 5 minutes apres la retrocession de l’anarchie. 

V. 15 minutes plus tard. 
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i denomme : « stade de l’intoxication larvee » (Fig. i; ECG II et IV); 
le troisieme se manifeste par l’irregularite et l’inegalite extremes des 
contractions cardiaques; il s’agit d’une « anarchie ventriculaire » ( x ) 
(Fig. i, ECG. III). 

Enfin le dernier stade correspond le plus souvent a la fibrillation 
ventriculaire, parfois au simple arret diastolique du myocarde. 




**• w«i ■ * •*** 

t 



Fig. 2 

Action du 2489 F sur le volume 
du cceur 

Experience du 23-2-48. — 

Chien $ 9 kg, anesthesie a la 
chloralose. 

C : Trace cardiometrique (me- 
thodede Henderson). L’augmen- 
tation dutonus systolique s’inscrit 
vers le bas. 

PA : Pression arterielle. 

Temps en 10 secondes. 

En y injection i.v. de 2489 F 
(°>5 mg/kg). 

On observe une augmentation 
transitoire puis une depression 
du tonus systolique. Le volume 
systolique diminue leg&rement. 
La pression arterielle est peu 
affectee. 


a) Effets cardiotoniques. 

Inconstants et mediocres, ils se tra- 
duisent par l’accroissement : 

— de 1 ’ amplitude des contractions 
auriculaires et ventriculaires. 

— du tonus du myocarde (Fig. 2). 

— des deflexions de l’E.C.G. 

La frequence cardiaque est parfois 
accrue de fa 9 on moderee et la pression 
arterielle s’eleve leg^rement (1-2 cm Hg). 


b) Stade de Vintoxication larvee. 

A ce stade la pression arterielle est 
eneralement encore superieure a la nor- 
rale. Le rythme cardiaque est regulier, 
a frequence est augmentee, parfois de 
a 9 on considerable. Les mdcanogrammes 
nregistres a faibles vitesse montrent une 
2gere diminution de l’amplitude des 
ontractions auriculaires et ventriculaires; 
a cardiometrie indique une legere dimi- 
lution du volume systolique et du tonus 

ventriculaire (Fig. 2). 

A la periode d’dtat, toutes les systoles 

ont mecaniquement et electriquemen 

dentiques entre elles, elles se succ ® 

L des intervals rigoureusement egaux 
nais leur trace indmdud est profo - 
lament anormai. Ces mod.ficat tons ^ ne 
reuvent pas Stre dicelees pour la con 

:raction auriculaire. 


F) L’ expression eat empruntee a A. Clerc (29). 
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Les anomalies de la systole ventriculaire sont : 

d’une part, le dedoublement de Ponde en plateau du trace meca- 

nique (Fig. 3) qui prend un aspect analogue a celui des systoles fraction- 
nees de De Boer (14); 

— d’autre part, des alterations electriques comportant (Fig. i) 

Pelargissement du complexe ventriculaire initial dont la composante 
S s’est approfondie et elargie (Ponde R est Ie plus souvent deprimee); 

Pacer oissement considerable de Ponde T (ou d’une onde qui occupe 
Pemplacement de T) et Pabolition de Pintervalle S T. 

Ce trace tres particulier a ete realise par des modifications progressives de l’E.C.G. 
normal. — L’intervalle P R s’est allonge et l’onde P a, finalement, fusionne avec l’onde 
T. — La volume de cette derniere s’est accru progressivement et 1 ’apport de Ponde P 
ne peut rendre compte, a lui seul, de cet accroissement. — L’intervalle S T, apr&s une 
phase, inconstante, d’electronegativite, a disparu en raison du developpement conside- 
rable de T. 

Ces images electrocardiographiques evoquent, tantot une tachycardie 
sinusale (fusion de P et de T), tantot une tachycardie ventriculaire. 
Elies traduisent aussi des troubles de la conduction auriculoventricu- 



\ , ' A 

^Ww'' 


B. 






Fjg. 3 

Action du 2489 F sur la contraction ventriculaire 
Deuxietne stade 

Experience du 10-2-48. — Chien 8 kg, anesthesie a la chloralose. 

g3Uche (mahode du CCEur suspendu). 

Vitesse de rotation du cylindre : environ 1 metre/minute. 
c.n A : Mecanogramme normal. 

I nt R , A T et B : administration i.v. de 2489 F (1 mg/kg), 
dedouble' : la'p.T'esri^remtnt^ugme^tlf ^ ^ de ChaCUne d ’ elleS S ’ CSt 


AMI, 

laire (allong 
meme (elar<; 
des analogic 
(Lutembach 
Nahum (23' 
locales de te 
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iment de P R) et de la conduction intraventriculaire elle- 
;issement du complexe ventriculaire initial) et presentent 
s avec les traces theoriques de retard du dextrogramme 
!er, 29) ainsi qu’avec les courbes obtenues par Hoff et 
, Byer, Toth et Ashman (7) a la suite de modifications, 
mperature des ventricules. 


r~~\ .V \ 


•A, 






vE 


En ha at : r 
Experience 
Vitesse de r<| 
En A : Mec 
Entre A et Ij 
En B : La 
ensuite l’anarcl 


Fig. 4 

Debut de Vanarchie par le 2489 F 

ecanogrammes du ventricule gauche, 
lu 9-2-48. — Chien 2 16 kg, anesthesie a la chloralose. 

Station du cylindre : environ 2 mbtres/minute. 
inogrammes normaux. 

: administration i.v. de 2489 F (1 mg/kg). introHnit 

remiere systole a un aspect « fractionne Une extrasystole mtrodmt 


thie. 


En bas : Elq 


Experience 
L’animal a 
Les traces 
1’anarchie. — 


3n 


pie 

3 hacun 
/entricnim 


ctrocardiogramme. 
iu 16-12-48. — Chien £ 17 kg, anesthesie a la chloralose. 
e<;u 1,25 mg/kg de 2489 F. 


re<;u 1,25 mg/kg de 2489 r . , f Dlace brutalement, a 

[normaux, mais reguhers, du deuxieme stade P » 

Celle-ci debute par une extrasystole de type ventriculaire. 


, c . . de Vanarchie ventriculaire. 
c) Stade 


l«l/ i/11'1'1/ 

, , e ventriculaire succede brutalement au stade prec ' , 

11 , ,, arC 1 par une extrasystole heterotope (Fig. 4). 

eHe debute ^ y rester assez elevee; asses souvent eh 

, P reS bmtalement; dans les deux cas, le tracd en est tout a a, 
Seff °" dre onstitue par des oscillations en majority tres amples. Dans 

l’ensemble e rythme parait lent (Fig. k et vent riculaires 

Si l’on m SItu leS c ° ntratlons reoulieres mais 


iregistre m situ les coiuranono — , ... • 

31 1 on ei s r patent eea es et regulieres mais 

, que, parfois, les premieres restenr egn 7 

constate ^ v ^ „ i„mp n t desordonnees (riG. 5 ;- 

. . irs, les secondes sont absolumen rvthme 

’ J .°’i ventricules bat independamment de 1 autre. Le ry 

1CU " def est essentiellement instable, alternafvement lent, frequent, 


426 


J. JACOB, G. MONTEZIN ET D. BOVET 


avec des lambeaux de tachycardie, des systoles en salves, et des arrets 
de plusieurs secondes. Les systoles sont tres inegales et la bradysphygmie 
enregistree au manometre a mercure traduit l’inefficacite d un grand 

nombre d’entre elles. , , 

L’enregistrement electrocardiographique montre une succession de 



Fig. 5 

Mecanogrammes auriculaires et ventriculaires. Phase d' anarchie 
(Methode du coeur suspendu) 

Experience du 9-2-48. — Chien $ 16 kg, anesthesie a la chloralose. 

L’animal a re?u 1 mg/kg i.v. de 2489 F. 

Or D. : mecanogramme auriculaire droit. 

V. D. : mecanogramme ventriculaire droit. 

V. G. : mecanogramme ventriculaire gauche. 

P. A. : Pression arterielle. 

Vitesse de rotation du cylindre : environ 2 metres/minute. 

Les contractions auriculaires sont inegales mais assez regulierement espacees. 

Les contractions ventriculaires sont desordonnees et il n’y a pas de correspondence 
entre celles du ventricule droit et celles du ventricule gauche. 

La courbe de P.A. montre que, parmi ces contractions deux seulement sont efficaces. 


complexe anormaux, inegaux et multiformes (Fig. i : E.C.G. Ill* 
Fig. 6 : E.C.G. II et III); certains de ces complexes sont encore con- 
strues par les accidents classiques deformes et elargis; d’autres sont 
reduits a de larges oscillations arrondies; le tout est parseme de blocks 
et de phases de flutter ventriculaire. 

II semble bien qu’il s’agisse la d’une anarchie ventriculaire, de cette 
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dislocation des fonctions rythmiques des ventricules qu’ont decrite 
Clerc et Levy (29). Elle traduit essentiellement des troubles graves 
de la conduction ventriculaire et l’existence de foyers d’excitation 
heterotopes, surtout ventriculaires. 

L une des caracteristiques les plus curieuses de cette intoxication 
reside dans le fait que des traces a ce point bouleverses sont compatibles 
avec la vie et meme, souvent, reversibles. 

d) Stade terminal (Fig. 6 : E.C.G. IV). 

La mort survient le plus souvent par fibrillation des ventricules sans 
participation des oreillettes. Cet etat fibrillatoire semble seulement 
constituer Texageration du stad.e precedent avec une diminution de plus 
en plus grave de la force des contractions qui sont de plus en plus 
incoord onnees et parcourent les ventricules dans tous les sens. 

Parfois ce stade fibrillatoire n’a pas ete decele. Dans tous les cas 
l’arret cardiaque s’effectue en diastole. 



Fig. 6 

Fibrillation ventriculaire par le 2489 F 
Experience du 24-11-48. — Chien 10 kg, anesthesie a la chloralose. 

A gauche : Trace tensionnel. 

Temps en 10 secondes. 

En t : injection i.v. de 2489 F (1 mg/kg). nrpssion 

Latence de 50 secondes : breve anarchie; chute definitive P 

A droite : Electrocardiogrammes : 

I. Trace temoin. ration oresque normale et images 

II. Aspect de 1 ’anarchie : systoles etirees a configura o p -q 

arrondies de forme variable. io,Ve 

III. Aspect de l’anarchie : images de flutter ventnculair . 

IV. Fibrillation (frequence 330/mm.) 
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Posologie. 

Les effets toniques ont ete parfois observes a l’etat isole, apres injec- 
tions intraveineuses de 0,1 a 0,5 mg/kg. Ils sont, alors, tres transitoires 
(2 a 3 minutes). Si la dose administree est plus elevee, ils sont moins 
durables encore et font rapidement place aux phenomenes deficitaires. 
La nettete de ces effets toniques varie d’un animal a 1 ’autre. 

V administration de 0,5 mg/kg i.v. a toujours provoque les deforma- 
tions electrocardiographiques de l’intoxication larvee : ces deformations 
persistent pendant 10 minutes et plus, et retrocedent spontanement. Si 
la dose a ete plus elevee, ce stade est toujours realise mais sa duree ne 
depasse pas une a deux minutes. 

L’anarchie ventriculaire a ete realisee chaque fois qu’une dose con- 
venable etait injectee. Si cette dose est injectee en une fois, elle est en 
moyenne, pour 25 chiens, de 1,4 mg/kg [deviation standard de 0,5; 
doses extremes 0,75 et 2 mg/kg ( 1 )]. Comme nous venons de le dire, 
une minute s’ecoule en general entre le moment de l’injection et l’appa- 
rition des premieres extrasystoles. Chez 21 animauxsur 25, cette anarchie 
a ete spontanement reversible ; dans ces cas elle a persiste pendant 
5 a 15 minutes et parfois davantage. Sa retrocession est assez souvent 
annoncee par quelques groupes de systoles egales et regulieres. Le trace 
tensionnel redevient alors normal, a l’exception de quelques extra- 
systoles dispersees pendant les premieres minutes, mais 1 ’E.C.G. montre 
les deformations de l’intoxication larvee pendant les 15 a 30 minutes 
qui suivent la fin de l’anarchie (Fig. x). 

Chez la plupart de ces animaux nous avons pu provoquer 1 ’anarchie 
a plusieurs reprises en administrant chaque fois des doses egales a celles 
utilisees pour la faire apparaitre la premiere fois. 


Action sur la respiration. 

Pendant l’intoxication par le 2489 F aucune manifestation extra- 
cardiaque importante ne nous est apparue et nous nous bornerons a 
signaler que la respiration est peu modifiee; lorsque, finalement, la 
pression arterielle tombe a o, l’animal respire encore quelques instants 
et de grands mouvements respiratoires agoniques montrent que le 


( ) Nous faisons ici abstraction d’un tres jeune animal pour lequel nous avons du 
recourir a 5 mg/kg. Ce cas fait penser a 1’observation classique suivant laquelle de tres 

jeunes animaux se montreraient parfois resistants a la faradisation des ventricules 
(Hooker, 25). 
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centre et les muscles respiratoires ne sont pas paralyses. — Les injections 
intracarotidiennes de 2489 F on t provoque, avec des doses plus elevees 
les memes symptomes que les injections intraveineuses. 


3. — Siisceptibilite de differ entes especes animales 

Nous venons de voir que, chez le chien, la mort survient le plus 
souvent par fibrillation ventriculaire, en 1’absence de symptomes appa- 
rents -d’atteinte du systeme nerveux central. 

II n’en est pas de meme pour les autres especes animales que nous 
avons etudiees. 

Chez le lapin, le cobaye, la souris et le poulet, intoxiques par voie 
intraveineuse, sous cutanee ou buccale, le 2489 F determine certes des 
accidents cardiaques analogues a ceux que Ton observe chez le chien. 
La ressemblance est surtout nette dans le cas du cobaye pour lequel on 
retrouve les deformations electrocardiographiques typiques de 1’intoxi- 
cation larvee (approfondissement de S et accroissement de T) et ensuite 
une arythmie avec complexes electriques multiformes. Mais la mort par 
fibrillation ventriculaire est exceptionnelle. Les troubles observes 
temoignent en outre d’une atteinte du systeme nerveux central (ataxie, 
tremblement) et la mort survient dans un eta t de prostration extreme avec 
bradycardie intense ou a la suite de convulsions violentes. — Les doses 
toxiques chez ces animaux sont approximativement : lapin, 4 mg/kg 
i.v. — cobaye, 20 mg/kg i.v. — souris, 25 mg/kg i.v. — grenouille, 
100 mg/kg s.c. — On connait d’autres toxiques qui, selon l’espece 
animale, provoquent la mort, tantot par fibrillation cardiaque, tantot 
par atteinte du systeme nerveux central : c’est, par exemple, le cas pour 
les fluoroacetates recemment etudies par Chenoweth et Gilman (9, 10). 

II est assez probable que 1 ’absence de symptomes nerveux chez le 
chien intoxique procede moins d’une resistance particuliere du systeme 
nerveux central de cet animal au 2489 F que de la grande facilite avec 
laquelle son cceur fibrille. 

Le coeur isole de grenouille est peu influence par le 2489 F. Nous 
n’avons jusqu’a present observe aucun effet inotrope ou tonotrope 
positif. Les troubles rythmiques sont peu significatifs et nous n avons 
pas obtenu de systoles fractionnees. Le cceur s’arrete en diastole pour 
une concentration de 4 pour 1000. 
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II 

Modifications pharmacologiques de l’ intoxication par le 2489 F. 

Les phenomenes cardiotoxiques provoques chez le chien par le 
2489 F. comprennent, comme nous venons de le voir, des troubles de 
la contraction cardiaque, puis une arythmie ventriculaire anarchique qui 
prelude le plus souvent a la fibrillation des ventricules. 

II s’imposait de rechercher si certains agents pharmacologiques 
etaient susceptibles de modifier ce tableau symptomatologique. 

Parmi ces agents nous avons choisi : 

— des poisons du systeme nerveux autonome ; 

— des substances pour lesquelles on a decrit des proprietes anta- 
gonistes vis-a-vis de la fibrillation ventriculaire. 



t t 


Fig. 7 

Action du 2489 F sur V hypertension adrenalinique et action antagoniste de V adrenaline 
vis-a-vis de I’anarchie provoquee par le 2489 F 

Experience du 27-1-48. — Chien 7 kg, anesthesie a la chloralose. 

Les nerfs aepresseurs ont ete sectionnes au niveau du cou. 

Trace tensionnel. 

Temps en 10 secondes. 

A : En 4 injection i.v. d’adrenaline (10 ^g/kg). 

Entre A et B : administration i.v. de 2489 F (2 mg/kg). 

B : En | ; injection i.v. d’adrenaline (10 ^g/kg) 

d<Primfe maiS tra n ,i,oi,=- 
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i • — Poisons du systeme nerveux autonome 

a) Poisons du sympathique. 

L’effet de P adrenaline a ete recherche aux differents stades de Pintoxi- 
cation par le 2489 F chez des animaux a nerfs vagues depresseurs 
sectionnes au niveau du cou afin d’eliminer les effets vagaux reflexes. 

L’ hypertension adrenalinique est tout d’abord sensibilisee puis 
deprim ee. 

Pendant la phase de l’intoxication larvee, Pinjection d’adrenaline (5, 

10 et 20 /xg/kg) ne modifie pas ou peu 1’aspect de Pelectrocardiogramme. 
Pendant la phase d’anarchie, par contre, on assiste a une regularisation 
remarquable du trace tensionnel (Fig. 7). Cet effet est obtenu avec des 
doses d’adrenaline relativement elevees (iopg/kg) (a ce moment Paction 
hypertensive de l’adrenaline a diminue par rapport au temoin) ; il s’ amorce 
pendant Phypertension adrenalinique et se termine avec celle-ci; il ne 
correspond pas a une normalisation complete de l’E.C.G. mais seulement 
a une regularisation des systoles qui redeviennent identiques entre 
elles mais presentent encore les deformations caracteristiques du stade 
precedent (en particulier une onde T tr£s developpee). 

Il semble que cette regularisation adrenalinique puisse se produire 
spontanement chez certains animaux intoxiques par le 2489 F (meme si 
leurs nerfs vagues ne sont pas sectionnes) lorsque la deficience circu- 
latoire provoque des phenomenes asphyxiques et notamment une 
decharge d’adrenaline par les capsules surrenales (Fig. 8). 

Parmi les agents sympatholytiques nous avons examine le 883 F ou 
Prosympal (diethylaminomethyl-benzodioxane) (Bovet et Simon, 2) : 

11 n’a pas eu d’action appreciable. 

b) Poisons du parasympathique. 

La stimulation du bout peripherique du nerf vague-sympathique 
cervical et Padministration intraveineuse d’acetylcholine provoquent 
classiquement chez Panimal normal un block cardiaque suivi de brady- 
cardie et assez souvent une diminution (parfois une inversion) de 1 onde 
T de PE.C.G. 

Ces divers phenomenes s’observent aussi chez Panimal intoxique par 
le 2489 F. 

Au stade d’intoxication larvee, on constate que le trace electro-cardio- 
graphique des systoles constitutives de la bradycardie vagale est nor- 
malise car l’onde T a diminue de volume (Fig. 9). 

Au stade de l’anarchie, le coeur est devenu moins sensible aux effets 
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Experience du 16-12-48. — 
Chien $ 17 kg, anesthesie a 
la chloralose. 

Nerfs vagues intacts. L’ani- 
mal a re?u 1,75 mg/kg de 
2489 F. 

R : respiration. 

P.A. : pression arterielle. 

Temps en 10 secondes. 

Le tracd de la respiration 
montre 3 mouvements respi- 
ratoires profonds qui tradui- 
sent Pasphyxie centrale : aux 
deux premiers mouvements 
correspondent des fleches 
ascensionnelles transitoires de 
la P.A. 

Un troisieme mouvement 
respiratoire profond corres- 
pond a une ascension durable 
de la P.A. avec regularisation 
definitive du rythme cardia- 
que. — Ces ascensions ten- 
sionnelles avec regularisation 
correspondent vraisemblable- 
ment a des actions adrena- 
liniques. 


<— Electrocardiogrammes : 

I. Images de l’arythmie 
(systoles couplees, systole 
etiree avec T predominant, 
flutter). 

n 

mmAAMMa^^ p rs 

rythme sinusal ou auriculaire. 




III. Pendant l’ascension 
tensionnelle : rythme regulier 
sinusal ou auriculaire : exage- 
ration considerable de T. 


H 


IV. 2 minutes apres la re- 
gularisation. 


Fig. 8 


Interruption spontanee d’une anarchie 


toxique coincidant avec des phenomenes asphyxiques 
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de l’excitation vagale et de 1’acetylcholine : les stimulations maxima du 
nerf vague deviennent parfois inefficaces et on doit souvent recourir a 
d’assez fortes doses d’acetylcholine. Dans ces conditions, le rythme 
anarchique provoque par le 2489 F est aboli et le block ainsi que la 
bradycardie acetylcholinique s’y substituent de fa9on transitoire; les 
traces electriques multiformes font place, apres le block complet, a une 



n 




nr 

Fig. 9 

Action de V excitation vagale sur les deformations electrocardiographiques du deuxieme stade 

Experience du 14-1-48. — Chien $ 5 kg, anesth6sie a la chloralose. 

L’animal a re?u x mg/kg de 2489 F. 

I. Debut de l’excitation vagale (block auriculo ventriculaire et images de flutter 
auriculaire). 

II. Pendant l’excitation vagale : remarquer la diminution d’amplitude de 1 onde T. 

III. Fin de l’excitation vagale : aspect typique du deuxifeme stade. 


bradycardie normotope avec nette diminution de l’amplitude de 1 onde 
T et restauration d’un intervalle S T (Fig. 10). 

La stimulation vagale et 1’ administration intraveineuse d’acetylcholine 
s’opposent done, dans une certaine mesure, a l’anarchie et a 1 augmenta- 
tion de l’amplitude de l’onde T que provoque le 2489 F. 

Des effets analogues ont ete observes apres administration de 2249 F 
(formal de y-trimethylammonium propanediol) qui est un agent para- 
sympathomimetique puissant (Fourneau, Bovet, Bovet et Monte- 
ZIN, 18). 

Chez le chien prealablement eserine (0,1 a 0,5 mg/kg) 1 evolution de 
1 ’intoxication par le 2489 F nous a semble faiblement ralentie. 

Enfin la section prealable des nerfs vagues, 1 atropinisation (1 a 
2 mg/kg) du chien, avant ou pendant 1’intoxication, ne modifient pas 
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celle-ci de fa<?on appreciable. Le Parpanit (5 a 10 mg/kg) qui para- 
lyse les synapses vagaux intracard iaques (Heymans et De Vleesch- 
houwer, 20) est egalement sans action. 



Fig. 10 

Action de V acetylcholine stir Varythmie par le 2489 F 
Experience du 20-1-48. — Chien $ 4 kg, anesthesie a la chloralose. 

L’animal a reyu une forte dose de 2489 F (5 mg/kg). 

I. Complexes arrondis et deformes. 

Entre I et II : administration i.v. de 3 mg/kg d’acetylcholine. 

II et III : Bradycardie acetylcholinique : les traces comportent les accidents classiques. 
En plus des blocks auriculoventriculaires, observer la preponderance de S et de T. 
IV. Fin de la regularisation acetylcholinique. 


2. — Substances antifibrillantes 

Des proprietes antifibrillantes ont ete decrites pour un grand nombre 
de substances appartenant a des categories pharmacologiques diverses. 
— Les donnees de la litterature ne sont pas toujours concordantes et 
nous nous bornerons ici a citer les travaux relatifs aux agents que nous 
avons etudies : 

Le gravitol (Jackson, 27; Van Dongen, 50 — inefficace selon de 
Boer, 15); les sels de magnesium (Rothberger et Zwillinger, 37; 
von Hueber et Lehr, 26; Mladoveanu, Vasileo et Gheorghiu, 34; 
Szekeli, 48 — tres peu efficaces selon Hooker, 25 ; Hoff, Winkler et 
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Smith, 24; Smith, Winkler et Hoff, 46); la novocaine (Shen, 41, 43, 
Wiggers et Wegria, 53); la papaverine [Sakussow, 38; Melville, 32; 
Lindner et Katz, 28; Mac Eachern, Smith et Manning, 30; Elek et 
Katz, 17; Wegria et Nickerson, 51 — peu efficace selon Heymans (*)] ; 
la quinidine (Frey, 19; Clerc et Pezzi, ii — inefficace vis-a-vis de la 
fibrillation ventriculaire selon Hooker, 25; Moisset de Espanes, 35); 
et le 1262 F (Dacorene) (Bovet, Fourneau, Trefouel et Strickler, 4; 
peu efficace selon Shen, 40, 42). 


r 160 k 
■ 

-120 



« 






Fig. ii 

Action curative du 1262 F vis-a-vis de l’ intoxication par le 2489 F 

Experience du 22-11-48. — Chien 10 kg, anesthesie a la chloralose. 

A gauche : Trace tensionnel. 

Temps en 10 secondes. 

En \ ! : injection i.v. de 2489 F (1,5 mg/kg). 

En f = et f 3 injection i.v. de 1262 F (chaque fois : 5 ™g/kg) : regularisation du trace. 
A droite : Electrocardiogrammes : 

I. Pendant 1’anarchie. 

II. Interruption de 1’anarchie par le 1262 F. 

III. 30 secondes plus tard. 

La regularisation et la normalisation du trace sont presque immediates ( omparer 
avec les retrocessions spontanees des fig. 1 et 10). 


a) Le gravitol et des vasodilatateurs (le nitrite d amyle, la tnnitnne, 
V aminophylline, le nicotinate de soude ) n’ont aucune action appreciable. 

b) Le chlorure de magnesium, en solution glucosee ou non, n a pro 
voque aucune amelioration des troubles induits par le 2489 F, meme 
pour des doses assez elevees pour provoquer un arret respiratoire. 
Chez deux animaux (sur quatre) qui n’avaient re?u qu une faible ose 


(9 Communication personnels. 
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de 2489 F, incapable a elle seule de provoquer de l’anarchie, l’admi- 
ministration de chlorure de magnesium a provoque un passage, transi- 
toire, du rythme regulier de l’intoxication larvee a une arythmie tres 
semblable a celle du stade de l’anarchie. Le chlorure de magnesium 
provoquerait done parfois une aggravation de l’intoxication par le 
2489 F. 

En ce qui concerne le chlorure de potassium , nous n’avons pas utilise 
les doses massives qui sont seules capables d’arreter la fibrillation par 



Fig. iz 

Action preventive du 1262 F vis-a-vis de I'anarchie provoquee par le 2489 F 

Experience du 25-11-48. — Chien 11 kg, anesthesie a la chloralose. 

Temps en 10 second es. 

A : En \ injection i.v. de 2489 F (1,75 mg/kg). 

Trace anarchique (latence de 1 min. 30 sec.). 

B : En 4 j injection i.v. de 1262 F (10 mg/kg). 

En j et 4 3 injections de 2489 F (chaque fois 2 mg/kg) : le rythme cardiaque reste 
regulier. 


faradisation des ventricules (Hooker, 25; Wiggers, 52). De petites 
doses de chlorure de potassium (10 mg/kg) ont eu pour effet de preci- 
piter la mort de l’animal. 

c) La novocaine (5~ 10 m g/kg), la papaverine (5-10 mg/kg) et la quinidine 
(5-10 mg/kg) semblent bien modifier l’anarchie dans un sens favorable, 
mais cette action est mediocre et, a vrai dire, douteuse : elle se traduit 
surtout par un ralentissement du rythme cardiaque qui reste irregulier. 
L E.C.G. conserve une configuration tres anormale. 
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d) 1262 F. — Le Dacorene contraste avec les substances precedentes 
par la nettete et le caractere indubitable de son action antagoniste 
vis-a-vis du^489 F. Cet antagonisme s’exerce aussi bien a titre curatif 
qu’a titre preventif. 

De faqon curative, le 1262 F (5-10 mg/kg) administre pendant la 
periode d’intoxication larvee, retablit la configuration normale de 
l’electrocardiogramme; si cette administration est effectuee pendant 
l’anarchie, celle-ci regresse totalement : on assiste alors a une ascension 
reguliere de la pression, au retour des battements du caeur a un rythme 
normal et a une saisissante normalisation de 1 ’E.C.G. (Fig. ii). 

De faqon preventive, l’administration de 5 a 10 mg/kg de 1262 F 
previent les effets toxiques de deux fois, trois fois et meme parfois 
quatre fois la dose de 2489 F qui provoquait, chez le meme animal, 
l’apparition de l’anarchie (Fig. 12). 

Effets curatifs et effets preventifs ont pu etre tous deux mis en evidence 
au cours d’experiences ou 2489 F et 1262 F ont ete injectes, de fa£on 
alternative, a doses progressivement croissantes. Nous avons ainsi rendu 
trois ou quatre fois de suite, le coeur d’un chien chloralose arythmique 
et a nouveau regulier. — D’autres derives, synthetises par Marino-- 
POULos (31) ont presente des proprietes similaires. 


Discussion 


Le 2489 F (4-amino-4 , -diethylaminopropylamino-diphenylsulfone) 

provoque done des phenomenes cardiaques, d abord beneficiaires mais 
tres transitoires, et ensuite deficitaires et graves. 

Ces derniers sont caracterises : 


— tout d’abord, par des deformations electrocardiographiques intenses 
et tres typiques, dont la signification reste cependant imprecise, ^ 

— et ensuite, par une arythmie ventriculaire dont les symptom 
essentiels sont, chez le chien, un automatisme ventriculaire exagere et 
des troubles de la conduction intraventriculaire. Ce sont la precis 

les symptomes qui sont observes dans les tachycardies ventr - 

prefibrillatoires rencontrees en clinique (29) et qui constituent ^ 
premiere etape des troubles cardiaques succedant, chez anima > 
ligature des coronaires (Lewis, 29); ce sont aussi ceux qui, se 0 . , • 

et Hoff (36) doivent etre combines pour qu’une fibri ation \en ri^ 
apparaisse apr^s administration d’autres toxiques car iaqu , 

le chien, e’est effectivement a un etat fibrillatoire mortel des ^e 
que prelude le plus souvent l’arythmie toxique par e 24 9 
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Le 2489 F peut done etre considere comme une substance apparentee, 
pharmacologiquement, aux cardiotoxiques fibrillants tels que les chlo- 
rures de baryum, de calcium, de potassium, les corps digitaliques, 
raconitine, etc. 

Ces caracteristiques montrent qu’il n’est pas possible de rattacher le 
2489 F au groupe des poisons sympathomimetiques ou parasympatho- 
mimetiques. Ceci est confirme par Pinefficacite du 883 F et de l’atropine 
et par l’antagonisme partiel qu’exercent et Pacetylcholine et Padrenaline 
vis-a-vis de l’intoxication par ce derive. 

L’ action antagoniste de V acetylcholine resulte vraisemblablement, 
avant tout, de la suppression des foyers d’excitation heterotopes car 
on voit l’anarchie faire place a une bradycardie normotope transitoire : 
e’est a un tel mecanisme que Hoff et Nahum (21, 22) attribuent Paction 
antifibrillante de 1 ’ acetyl-/! -methyl choline. 

La regularisation realisee par P adrenaline est d’interpretation ma- 
laisee. Elle peut etre mise en rapport avec des resultats obtenus par 
Douglas (i 6 ), Smith et Mulder (45), Smith (44) et Melville (32), 
selon lesquels cette hormone previent ou rend moins severes certaines 
fibrillations ventriculaires. On peut invoquer Paction dromotrope positive 
de P adrenaline qui s’opposerait aux troubles de la conduction pro- 
voques par le 2489 F, son pouvoir coronodilatateur et un renforcement 
de l’activite du pace maker qui recouvrerait son role. Mais on sait que 
les phenomenes adrenaliniques sont tres complexes au niveau du 
myocarde (Burn, 6). 

A priori cette action regularisatrice paraissait etrange car l’adrenaline favorise souvent 
1’apparition de rythmes ectopiques et raeme de la fibrillation ventriculaire. 

Toutefois on doit considerer qu’elle est realisee : 

1) a un moment oil l’hypertension adrenalinique est deprimee; 

2) chez un animal a nerfs vagues depresseurs sectionnes ou partiellement mis hors 
fonction par le 2489 F. 

On connait l’importance du facteur « bond hypertensif » dans la genese de la fibrillation 
-adrenalinochloroformique (Shen, 39 a 43; Dautrebande et Charuer, 12) et celle de 
la depression reflexe du pace maker pour 1’apparition de rythmes ectopiques adrenali- 
niques chez l’animal normal (Allen, i; Hoff et Nahum, 21). Des iors on s’etonne moins 
de ne pas assister a une aggravation de 3’arythmie. 

La plupart des substances dites « antifibrillantes » que nous avons 
etudiees se sont revelees pas ou peu actives vis-a-vis de Pintoxication 
par le 2489 F. Les travaux qui ont ete cites plus haut montrent que 
1 accord est loin d etre realise sur leur efficacite et nous n’envisagerons 
ici que le cas tres particulier du Dacorene ( 1262 F). 

Ce derive de synthese contraste avec tous les agents pharmacologiques 
que nous avons etudies, y compris Padrenaline et Pacetylcholine, par 
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le caractere net et complet de l’antagonisme qu’il manifeste vis-a-vis des 
troubles cardiotoxiques provoques par le 2489 F. Le rythme cardiaque 
est regularise sans qu’apparaissent une bradycardie ou une tachycardie; 
le trace electrocardiographique de chaque systole redevient rapidement 
tout a fait normal. — On peut interpreter cet antagonisme dans une 
certaine mesure, en rappelant que deux des proprietes essentielles du 
1262 F sont (4, 5, 47, 49) : 


a) Le pouvoir d’antagoniser des rythmes ectopiques divers (arythmies 
toxiques par l’adrenaline, le chlorure de baryum, l’aconitine, le vera- 
trine; fibrillation electrique). 


b ) Une action dromotrope positive qui se manifeste par exemple 
vis-a-vis du block cardiaque provoque chez le cobaye par 1 acide adeno- 
sine phosphorique. 

Ce sont la deux proprietes exactement opposees a celles du 2489 F. 

Toutefois, le 1262 F possede encore d’autres proprietes qui ont 
ete mises en rapport avec son pouvoir antifibrillant : il allonge la periode 
refractaire du coeur de grenouille (4); il est aussi un coronarodilatateur 
actif (Cavallini, 8). — Nous avons done cherche a savoir si le 2489 F 
raccourcissait la periode refractaire : nos essais, realises sur 1 orei ette 
isolee, selon la technique de Dawes (13) n’ont pas fourni des resu tats 
concordants. — D’autre part, l’inefficacite de plusieurs coronodilatateurs 
(nitrite d’amyle, etc.) ne plaide pas pour une origine , coronarienn 
des troubles cardiotoxiques provoques par le 2489 F (cf. 1 hypot 

Melville, 32, 33). . .. 

D’autres hypotheses, impliquant des processus bioc uniques 
niveau du coeur lui-meme, se presentent a 1 esprit, mais 1 est prema 


1’en parler ici. r o 

En tout etat de cause le 2489 F et le 1262 F montrent une orm 
;onisme que l’on ne faisait que soupfonner au niveau, un ^ 

es actions pharmacologiques sont souvent tres intriquees ^ix men ts 
* antagonisme pent etre susceptible d'apporter qaeUjuo. ■ dement 
touveaux 4 la comprehension du mode d'action des potsons card.aques. 


Resume 

i) Chez le chien, les symptomes de lmtoxication p ^ esquC 

4-amino-4'-diethylaminopropylamino-dipheny s intoxication, 

xclusivement cardiaques. - ^otoniques; le second 

ouvent peu marque, correspond a des encu> 


440 


J. JACOB, G. MONTEZIN ET D. BOVET 


est caracterise par des deformations electrocardiographiques dont 
l’intensite contraste avec le maintien de la pression arterielle a la normale 
et la regularity du rythme cardiaque; le troisieme, par une arythmie 
ventriculaire dont les elements essentiels sont l’existence de foyers 
d’excitation heterotopes et des troubles de la conduction intraventricu- 
laire. A ce dernier stade, l’action du produit se montre generalement 
reversible, en depit de la severite des troubles enregistres. — La mort 
survient le plus souvent par fibrillation ventriculaire. 

2) Pour 25 chiens, la dose necessaire pour provoquer 1’arythmie 
ventriculaire a ete en moyenne de 1,4 mg/kg. 

3) Chez le lapin, le cobaye, la souris et la grenouille, des troubles 
nerveux apparaissent egalement; ils n’ont pas ete observes chez le chien. 

4) L’adrenaline et T acetylcholine font toutes deux retroceder l’aryth- 
mie ventriculaire. 

5) Le Prosympal (883 F), Tatropine, le parpanit, le nitrite d’amyle, 
la trinitrine, Taminophylline, le nicotinate de soude, le gravitol et le 
chlorure de magnesium n’ont pas eu d’action beneficiaire sur Tarythmie 
toxique. La novocaine, la papaverine et la quinidine semblent l’ameliorer 
mediocrement. 

6) Le 1262 F (2-diethylaminoethoxy-diphenyle) ou Dacor&ne possede 
une action antagoniste complete vis-a-vis des modifications electro- 
cardiographiques et de Tarythmie provoquees par le 2489 F. 

7) Ces faits font Tobjet d’une discussion. 


Summary 


1) 4-amino-4'-diethylaminopropyl-diphenylsulfone (2489 F) is shown 
to be cardiotoxic for the dog. 

Essential features of this intoxication are : 

— in a first stage, slight cardiotonic effects ; 

in a second stage, electrocardiographic disturbances, the intensity 
of which contrasts with the regularity of the cardfac rhythm ; 

in a third stage, severe ventricular arrhytmia, characterized by 
automaticity of intraventricular structures and slowing of intraven- 
tricular conduction; at this stage, the intoxication is still generally 
reversible. 

Death results often from ventricular fibrillation, the auricles conti- 
nuing to beat regularly. 
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2) In 25 dogs the mean dose necessary to provoke ventricular arrhyth- 
mia was 1,4 mg/kg. 

3) In rabbit, guinea pig, mouse and frog, signs of central nervous 
stimulation or depression also occurred; they were not seen in the dog. 

4) Epinephrine and acetylcholine both oppose transitorily the toxic 
arrhythmia. 

5) Prosympal (883 F), atropine, parpanit, amyl nitrite, trinitrine, 
aminophylline, sodium nicotinate, magnesium chloride, are all ineffective 
as antagonists. Procaine, papaverine and quinidine have little action. 

6) (1262 F) 2-diethylaminodiphenyl or Dacorene antagonizes the 
cardiac disturbances completely. 

7) These facts are discussed. 
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AUS DER CHIRURGISCHEN UNIVERSITATSKLINIK IN FREIBURG/BRSG. 
DIREKTOR : PROF. DR. E. REHN 


AKTIVIERUNG DER FIBRINOLYSE DURCH PHOSPHOLIPOIDE 

IN VITRO UND IN VIVO 

I. Mitteilung 


VON 


Th. HALSE 


( Eingegangen am 22-3-1949J. 

In letzter Zeit sind einige Arbeiten erschienen, die das Verhalten 
der Fibrinolyse in vitro unter Einwirkung von Thrombokinase und 
verschiedenen Gewebsextrakten zum Gegenstand hatten. Cber die 
Beschleunigung des Fibrinabbaues durch Thrombokinase wurde von 
Nolf bereits im Jahre 1913 berichtet, spater in etwas modifizierter 
Form (1938), wobei dem Thrombozym die Eigenschaften der eigent- 
lichen Thrombokinase und des Fribrinolysins, dem Thrombogen (nach 
der NoLF’schen Nomenklatur) die des Prothrombins und des Anti- 
fibrinolysins zukommen soil. In jiingster Zeit wiesen Mac Farlane 
und Pilling (1946) nach, dass fibrinolytisch.es und koagulierendes 
Wirkungsvermogen bei Lungenextrakten weitgehend parallel lauft. 
Dagegen gelang es Milstone (1948) nicht, eine proteolytische Aktivitat 
fur ein von ihm benutztes Thrombokinasepraparat nachzuweisen. 

Bemerkenswert sind vor allem die Berichte von Astrup und Permin 
(1947). Diese Autoren konnten mit qualitativer Methodik (Makros- 
kopische Beobachtung eines Plasmatropfens) zeigen, dass aus verschiede- 
nen Geweben mit Aceton und Ather eine Substanz, ,,Fibrinokinase“, 
gewonnen wird, die den Abbau des Rinderfibrins beschleunigt. Die 
wassrigen Extrakte ergaben dagegen keine Wirksamkeit. 

Diese Mitteilungen geben uns Anlass, von eigenen Beobachtungen 
zu berichten, die wir fiber Aktivierung der Fibrinolyse in vitro und in 
vivo machen konnten, worauf auch in anderem Zusammenhang bereits 
hingewiesen wurde (4, 5). Vor allem glauben wir — nachdem nun- 
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mehr diese Fragen zur Debatte gestellt werden - auf Befunde auf- 
merteam machen zu miissen, die vielleicht geeignet waren, Fehlschliisse 
zu vermeiden, und u. E. zur Klarung offenbarer Widerspriiche einiger 
Mitteilungen beitragen konnten. 

Hinsichthch Methodik muss im Einzelnen auf fruheren Publikationen 
verwiesen werden (5). Es sei hier 
nur vermerkt, dass wir seit einigen 
Jahren nach einem kjeldahlome- 
trischen Verfahren arbeiten, das 
eine direkte, quantitative Messung 
des Fibrinabbaues in zitriertem 
Plasma ermoglicht, wobei die 
mittlere Abweichung unter ±2% 
li e gt. Grundsatzlich wurde bei 
diesen Versuchen — urn Fehler- 
quellen durch Anderungen des .5 
nativen Milieus moglichst aus- ^ 
zuschliessen — unverdiinntes ^ 

Menschenplasma verwendet. ^ 

Aus der nachstehenden gra- ^ 
phischen Darstellung (Abb. 1) ist ^ 
das Verhalten der Fibrinolyse 
nach Zusatz von steigenden Dosen 
Thrombokinase zu entnehmen. 

Es handelt sich bei der ange- 
wandten Substanz um ein stark 
'gerinnungsaktives Rohpraparat 

dus numangehirn. Die Corticahs s / +0,5 com Plasma 

Wurde nach 24-stundigem Trock- Zusats vor der Gerinnung. 
nung bei 56° ohne weitere 

Aufarbeitung direkt als Trockensubstanz verwendet. Zusatz des 
Praparates zum Plasma vor dem Recalzifizieren, sodann Bebriitung 
24 Stunden bei 370 q u m e j ne evt ^/7-Verschiebung des Systems 
durch den Zusatz zu vermeiden, wurden die Ansatze mit V eronalpuffer 
auf ph 7,3 eingestellt. Die Fibrinabbauwerte sind iibersichtshalber auf 
die Ordinate in Prozent eingetragen. 

Mit zunehmender Thrombokinasekonzentration tritt also in den 
4 Versuchsserien mit Plasma von verschiedenen Spendern eine erhcbliche 
Steigerung der Fibrinolyse ein, mit 20 mg Thrombokinase/0,5 ccm 
Plasma um fast 40 % im Mittel. Bemerkenswert ist dabei ubrigens 
die grosse Streuung, die durch das verschiedene individuclle \ crhalten 
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der Einzelplasman bedingt ist. Wahrend bei einigen Proben mit 
steigender Konzentration eine fast lineare Zunahme des Fibrinabbaues 
erfolgt, wird schon mit kleinen Dosen bei anderen das Optimum erreicht. 
Diese an. sich interessante Erscheinung muss jedoch in diesem Zusam- 

Setzen wir nun das aus 0,5 ccm Zitrat- 
plasma gewonnenen Gerinnsel zu 0,5 
physiologische NaCl-Losung und be- 
schicken dieses System mit steigenden 
Dosen unseres Praparates, tritt auf- 
fallenderweise ebenfalls eine erhebliche 
Zunahme der Fibrinabbau-Fahigkeit 
ein (Abb. 2), wenn auch in deutlich 
schwacherem Masse als in den vor- 
angehenden Versuchen. 

Die nachste Abbildung zeigt den 
zeitlichen Reaktionsverlauf der Fibri- 
nolyse im recalzifizierten, menschlichen 
Zitratplasma nach Beschickung der 
Ansatze mit verschiedenen Thrombo- 
kinasepraparaten (Abb. 3). 

In der Blindprobe (I) ist nur ein 
Fibrinabbau von etwa 5 % nach 
24-stiind.iger Bebriitung festzustellen. 
Eine gewisse Verstarkung der Fibrino- 
lyse lasst sich mit 20 mg eines Kinase- 
praparates aus Kaninchenhirn erreichen 
(II), noch starker ist der Effekt mit 
20 mg des Handelspraparates „Throm- 
bokinase Roche“ (III), die deutlichste 
Wirkung zeigt aber dieselbe Menge des 
Rohpraparates aus Humangehirn (IV). 
Hier ist schon nach 6 Stunden ein maximaler Fibrinabbau vorhanden. 
Besonders beachtenswert ist nun, dass das gleiche Ergebnis sowohl 
hinsichtlich Reaktionsverlauf des Prozesses wie auch quantitativ, mit 
x mg Lecithin (Lecithinum ex ovo puriss. „Merck“) zustandekommt (V). 
Die naheliegende Vermutung, dass die lysierende Wirkung der ver- 
schiedenen Kinase-Praparate durch ihren variierenden Lipoidgehalt zu 
erklaren ist, lasst sich mit dem Resultat der quantitativen Lipoidphos- 
phoranalyse (Nach Theorell-Nordberg) der benutzten Substanzen 
erharten. Das schwach wirksame Kaninchenhirnpraparat ergibt ein 
Gehalt von 3,6 g %, wahrend die ,,Roche-Thrombokinase“ 4,2 g % 


menhang ubergangen werden. 



Abb. 2 

mgThrombokinase/o,3 ccm phys. 
NaCl-Lsg zu einem Fibrin-Serum- 
System. 

Gerinnsel aus 0,5 ccm Plasma. 
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und das Rohpraparat aus Corticals verstandlicherweise am meisten, 
namiich 4,6 g % Lipoid-Phosphor, zeigen. Auffallend ist, dass 1 mg 
reines Lecithin einen dem 20 mg Rohthrombokinase aquivalenten 
Effekt aufweist. Wie weitere Untersuchungen lehrten, ergab eine 



Abb. 3 

I. Kontrolle (0,5 ccm Plasma -f 0,5 ccm NaCl-Lsg); 

II. 20 mg Kaninchen-Tbk 

III. 20 mg H.L.R.-Tbk ( in 0 , ccm p hys. NaCl-Lsg + 0,5 ccm Plasma 

IV. 20 mg Human-Roh-Tbk > m 0,5 

V. 4 mg Lecithin ] 


Mischung von Kaninchen- und Rohthrombokinase hinsicht ic y 
Wirkung fast genau das aritmetische Mittel der beiden inze o p 

nente. . .... .• 

Eine Fraktionierung des verwendeten Rohpraparates '' els , 
wassrige- und Atherphase ein grundsatzlich divergieren es 
auf, wie aus der Tabelle zu entnehmen ist (Tab. I). 

Es geht deutlich hervor, dass der durch Atherauszug • 

mit physiologischer NaCl-Losung aufgenommenen uc _ 
Vergleich zum Ausgangspraparat eine erheblich verstar e e j n 

hervorruft, wenn man die Substan*-M«i;« ^ %kung 

vielfaches. Dagegen lasst die restliche ' vass j? s|ch durc ], 

praktisch vermissen. Der unbedeutende E . ,• m j t 

Veranreinigungen mit atherloslichen Bestandteile erklare , 

weiterer Reinigung verschwinden. Mischung 

Bemerkenswert ist ferner die Beobachtung, 
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Tab. I 

Prozentuale Zunahme der Fibrinolyse im Plasma nach Zusatz von Thrombokinase 
(Rohpraparat aus Humangehirn) und verschiedene Fraktionen. (Bebriitiing 24 Std.) 



I 

11 

III 

IV 

n 

M 


% 

°/ 

/o 

% 

0/ 

/O 

% 

% 

20 mg Th./o,5 ccm NaCl-Lsg 

1 

1 

1 

1 





+ 0,5 ccm Puffer-Lsg 
+ 0,5 ccm Plasma 
+ o,s ccm CaCl 2 -Lsg 

n 

! 

49 | 

1 

47 

52 

48 

49 ± 2,1 

Atherphase 







8 mg/0,5 ccm NaCl-Lsg 
+ 0,5 ccm Puffer-Lsg 
+ 0,5 ccm Plasma 
+ 0,5 ccm CaCl 2 -Lsg 

63 

64 

66 

64 

97 

65 ± 1,6 



Wassrige Phase 



■ 




12 mg/0,5 ccm NaCl-Lsg 

4 - 0,5 ccm Puffer-Lsg 

4- 0,5 ccm Plasma 

4 - 0,5 ccm CaCl 2 -Lsg 

15 

19 


17 

19 

19 i 

Ather + wassrige Phase 







20 mg/0,5 cmm NaCl-Lsg 
+ 0,5 ccm Puffer-Lsg 
+ 0,5 ccm Plasma 
+ 0,5 ccm CaCl 2 -Lsg 

42 

47 

4i 

48 

44 

44 db 3 ,o 


dieser beiden Phasen die Anfangswirkung des Ausgangsmaterials wieder 
erreicht wird. 

Wir halten uns somit zu dem Schluss berechtigt, dass die Aktivierung 
des fibrinolytischen Prozesses an die Lipoidfraktion der Thrombo- 
kinase gebunden ist, die Trager dieser Wirkung ist. 

Hieraus leitet sich zwangslaufig der Versuch mit reinen Phospha- 
tiden ab, dessen Ergebnisse an Hand der nachstehenden Tabelle 
(Tab. II) zu besprechen sind. Wir haben hier die kjeldahlometrisch 
ermittelten Fibrinwerte in mg % nach 24-stiindiger Bebriitung ange- 
fuhrt. In 4 Paralellreihen wurden die Ansatze mit a) steigenden Dosen 
animalischem Lecithin (Lecithinum ex ovo puriss. ,, Merck") und 
b) vegetabilischem Lecithin („Merck“) vor der Gerinnung beschickt. 

Durch diese beiden Praparate Hessen sich mit steigenden Dosen eine 
starke Beschleunigung des Fibrinabbaues im Yergleich zum Kontroll- 
Ansatz erzielen, mit Eierlecithin etwas kraftiger als mitPflanzen-Lecithin. 
Es folgt hieraus, dass die lysierende Wirkung durch die Lipoidkomponente 
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Tab. II 


Das Verhcdten der Fibrinwerte in mg % (Bebriitung 24 Std.) nach Znsatz von Eier- u. 

Pflanzenlecithin 


Dosis 

Fibrinwerte n. 24 Std. 

M 

mg % 


mg °/ c 

1 

j mg % 

mg % 

mg % 

2,5 mg 

175 

! 175 

192 

192 

181 4 ; 7,7 


2,0 mg 

208 

■ 2x8 

204 

222 

213 + 8,4 

Lecithin 

i ,5 mg 

242 

334 

248 

248 

243 ± 6,6 

ex nvo 

1,0 mg 

245 

i 242 

248 

248 

246 J; 2,8 


o ,5 mg 

298 

1 182 

296 

292 

292 ± 7,4 


Kontrolle 

350 

! 342 

1 

OJ 

*£>• 

00 

354 

348 ± 5 ,o 


2,5 mg 

208 

1 

214 

218 

204 

21 1 dz 6,2 


2,0 mg 

234 

| 242 

248 

242 

241 ± 5,7 

' Pflanzen- 

i ,5 mg 

248 

: 252 

246 

246 

248 dr 2,8 

1 Lecithin 

1,0 mg 

256 

i 252 

248 

259 

254 dr 4,7 


o ,5 mg 

298 

305 

318 

312 

308 dr 3 ,o 

) 


der Thrombokinase mit grosser wahrscheinlichkeit eine unspezifische 1st , die 
grundsatzlich der Lipoide zukommt. Man konnte an einen physika 
lichen Effekt denken, sind ja gerade die Lipoide in hohem Masse 
oberflachenaktiv. Auch weitere, hier nicht naher zu erorterne e un 
sprechen in diese Richtung. Sollte die Hypothese sich bestatigen 
lassen, miisste jedoch die Bedeutung des spezifischen Aktivators „ 
nokinase“ erst naher definiert und im Lichte dieser Erkenntnisse u 

priift werden. . , 

Bevor die Einzelvorgange bei der Fibrinolyse, die Ro e un * g 
schaften des Fermentes, seine Aktivatoren und Inhi itoren, n 
geklart sind, haben wir es fur zweckmassig gehalten, nut em 
geordneten Begriff „Fibrinolytisches Potential zu ar eiten. 
verstehen hierunter die mit Einbezug der Einzelvorgange un 0 
nente nach Bebriitung des unverdiinnten, oder moglic st un^er 
Plasma, erfassbaren Wert der fibrinolytischen Aktions a ug 
wie wir mit dem QuiCK’schen Einstufenmethode ^ em ^ se " en . r 
bins von „Prothrombin-Poten«ial‘' sprechen, um d.e M.'be.e.l.gung der 

Aktivatoren auch in diesem Komplex zum Aus rue ' zu soW ohl 

Vorwegnehmend sei schliesslich bemerkt, dass auc Relation 

beim Menschen als bei Laboratoriumstieren s norhweisen 

zwischen Serumphosphatiden und fibnnolytischem y Iitte il u nc 

lasst. Hieriiber soli an dieser Stelle m emer 
berichtet werden. 
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ZUSAMMENFASSUNG 

Mit ausgangspunkt in Mitteilungen iiber Aktivierung der Fibrinolyse 
in vitro mit Thrombokinase und Atherextrakte aus verschiedenen 
Geweben werden eigene Befunde zu diesem Thema dargelegt. Es 
konnte an Hand von Menschenblut mit quantitativer Methodik gezeigt 
werden, dass die lytische Wirkung der Thrombokinase- an seine Lipoid- 
komponente gebunden ist. Der Lipoideffekt ist alien Anschein nach 
ein unspezifischer, wahrscheinlich physikalischer Natur, und wird auch 
mit animalischen und vegetablischen Lecithinpraparaten ausgelost. 
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ACTION STIMULANTE RESPIRATOIRE 
DES ACfiTYLSALICYL AMIDES 


PAR 


E. PHILIPPOT et M. J. DALLEMAGNE 


(Travail repi le 24-3-1949A 


La litterature foumit peu de renseignements en ce qui concerne la 
pharmacodynamic de la salicylamide : son emploi therapeutique est 
tout a fait neglige. Un certain nombre d’ observations datant de la fin 
du siecle dernier ont ete recueillies par Houben. Des donnees plus 
precises proviennent de Nebelthau (1895) : il mentionne 1 hypotension 
que le produit administre par voie intraveineuse occasionne au chat et 
au chien ; d’apres cet auteur, la respiration d’abord acceleree se deprime 
bientot. II signale egalement avoir reconnu des proprietes analgesiqu 
a 1’ ether acetylique de la salicylamide. A peu pres a la meme epoqu , 
Baas (1890) et Bondzynski (1897) n’arrivent pas a se mettre d accor 
au sujet de la resorption intestinale de la salicylamide. D autres aut® u 
ont etudie le metabolisme du produit, sa sulfoconjugaison et son y ^ 
lyse liberant de l’acid.e salicylique; ces donnees sont resumees 
I’ouvrage recent de Williams (1947)- , . , 

En outre, Collett (1923) et Anselmino (i9 2 ^) ont c ^ erc e f . 
miner si la salicylamide obeissait aux memes lois physico c 
que les anesthesiques courants et Kitano (i9 2 7) a e ^ u 


arcotique du produit sur le lapin. , , ,, t 

L’action analgesique de la salicylamide vient d etre rappe e , 

on par deux publications recentes, celle de lcHNiowsKi et u . , 

: celle de Hart ( I? 47). Les premiers de Taspint mu" ee 

terce une action depressive superieure a cell y 

’etant pas plus toxique et que son sort dans 1 orgamsmc 
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different de celui de cette derniere. Hart prend egalement 1 ’aspirine 
comme element de comparaison, mais etend celle-ci a d’autres derives, 
l’acide salicylique, l’O-acetylsalicylamide et la N-acetylsalicylamide. 
B’apres lui, ces deux derniers sont moins toxiques que les precedents 
et leur action therapeutique est plus puissante. 

Nous avons compare a notre tour Paction pharmacodynamique de la 



Fig. i 

2.XII.48. Chien chloralose et atropine de 8 kg. 

1 » Ut en ^ as ' P ress i°n carotidienne, respiration, zero de la pression arterielle et 
signa , temps (to sec.). Successivement, injection intraveineuse de 13 mgr/kg d’acide 
acetylsahcyhque et de salicylamide dissous dans le propylene glycol (Jo %). 


sahcylamide de l’acide acetylsahcyhque, des O- et N-acetylsalicylamides 
etdela 0 ,N-diacetylsalicylamide en les administrant au chien par voie 
mtravemeuse. 

Les acefylsali^lamides sont tres pen solubles dans l’eau; le derive 

’ ' a “ ty e S ‘ dlS “ ut facilement le propylene glycol ala concen- 
. " de . IO j' Des deux molecules mono-acetylees, la N-acetyl- 

ahcylanude est la moins soluble e, on doit injeeter tiedes ses solutions 

° /o d “ S Ie P ro Pyl ene glycol sous peine de les voir recristalliser. 

avons S qUK | ' e ‘ 2 m ° ntrent ‘’influence des cinq produits que nous 

Tla chlor SUr PreSS ' 0n ar,6rielle et la aspiration du chien anesthesie 

a riinon 115 Sont “roduits dans la veine du chien 
a nuson de 13 mgr par klIo de poids corpore , 

que I’acidtT'acdtvf 'r'^r ^ exerce une actl on vasodilatatrice plus vive 
que 1 ac.de acetylsahcyhque, mai s 1'influence des d<mx prod J ts sur la 
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respiration est qualitativement la meme : une legere stimulation a 
laquelle la depression circulatoire n’est certainement pas etrangere. 

Les acetylsalicylamid.es sont hypotensives au meme titre que 1’acide 
acetylsalicylique, mais en ce qui concerne la respiration, leur action est 
tout a fait differente (Fig. 2). Des Introduction du produit dans la 
veine, il apparait une stimulation respiratoire soudaine et de courte 



Fig. 2 

Meme sujet. Successivement, injection intraveineuse de 13 mgr/kg de 0 ,N diace j 
salicylamide, de O-acetylsalicylamide et deN-acetylsalicylamide dissous dans le propylene 
glycol fio %). 


duree. Ces deux caracteres nous ont fait penser qu il s agissait d u 
excitation des elements chemosensibles du sinus carotidien. Nous 
avons cherche a nous assurer du bien-fonde de cette hjpothese et 
nous avons constate que cette stimulation respiratoire ( -IG. 3# 
etait pratiquement abolie par l’enervation bilaterale des sinus caroti ten. 
(Fig. 36). La faible acceleration des mouvements thoraciques per « 
apres cette intervention disparait d’ailleurs apres section e. f, 

(Pig 2^*) ' 

Nous pouvons resumer comme suit les quelques precision. PP * 
mentaires que notre etude pharmacodynamique nous a perm - 

1) Les trois derives, mono-acetyles ou di-ace^le de la salicylamide 
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exercent le meme pouvoir excitant respiratoire qualitativement et 
quantitativement. 

2) Chez certains sujets, on observe une bradycardie transitoire se 
manifestant des l’injection intraveineuse des acetylsalicylamides. Cette 
bradycardie n’apparait pas si les animaux ont ete prealablement atropines. 

3) L’hypotension contemporaine de la stimulation respiratoire est 



Fig. 3 

30.XII.48. Chien chloralose de 13.5 kg. 

• ^ “ baS> P ressi0n car °tidienne, respiration, zero de la pression arterielle et 

signal, temps (10 sec.). 

En a : injection intraveineuse de 15 mgr/kg de O.N-diacetylsalicvlamide. 

En c i H° SC T PT °i Uk ^ 16 ChiCn d ° m l6S Sinus «*™tidiens sont enerves. 

. meme dose du produ.t chez le chien dont les vagues sont en outre sectionnes. 


partiellement due au solvant utilise pour dissoudre et injecter les 
acetylsalicylamides, le propylene glycol. 

4) Cette hypotension pent ftre corrigie en partie en injectant en 
meme temps que les acetylsalicylamides une dose normale d'ephedrine 
(0 5 mgr d ephednne pour 20 mgr d’acetylsalicylamide dissous dans 
1 cc de propylene glycol par kilo de poids corporel). 

hvn„teo hCZ Certai ”r SUjetS .' SUrt0Ut pour les d «ves mono-acetyles, cette 
hypotension pent fa, re place 4 une hypertension. 

drine exemeT"*' “ ^ !’ associati ° n d’acetylsalicylamide et d’ephe- 
"X d tres favorable sur le sujet dont la respiration est 
depnmee par une dose adequate de barbiturate ou de morphine. 






acetylsalicylamides 
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7) Quoique la forte stimulation respiratoire soit passagere, elle pro- 
voque tres souvent une amelioration plus persistante de la respiration. 
Comme on le voit a la figure 2, la respiration, apres chaque peri ode de 
stimulation aigue, augmente graduellement d’amplitude; le surventila- 
tion permet, en effet, pendant quelques instants, une oxygenation plus 
abondante des centres qui rend ceux-ci dans la suite plus aptes a repondre 
aux excitations physiologiques. 

8) Les acetylsalicylamides ne semblent pas rendre la fibre musculaire 
lisse plus sensible a Padrenaline. 

9) L’ introduction dans la veine du chien de 5 mgr d’acetylsalicyla- 
mide par kilo provoque une stimulation respiratoire tres faible; celle-ci 
s’intensifie en meme temps que la dose grandit, mais Phypotension en 
devient d’autant plus manifeste. 

10) L’hypotension ne possede aucun caractere muscarinique. 


Nous nous sommes demande si la propriete d’exciter la respiration 
par voie reflexe est un caractere general des amides acetylees. II ne 
semble pas enetre ainsi, car la diacetyluree et Pacetylthiouree n’exercent 
pas cette action. 

Par contre, Pacetylbenzamide accuse un pouvoir excitant leger, bien 
inferieur a celui de Pacetylsalicylamide, et la benzoylsalicylamide agit 
beahcoup plus activement que cette derniere ( 1 ). Nous cherchons a 
determiner actuellement si la qualite cyclique de l’amide est bien 
indispensable a la propriete excitante et quels sont les radicaux esteri- 
fiants les plus favorables a developper cette action. 

Les nombreuses substances auxquelles les elements chemosensibles 
du sinus carotidien repondent provoquent d’habitude simultanement 
hypertension, bradycardie et surventilation : les acetylsalicylamides 
declenchent generalement cette derniere en meme temps qu une h>po 
tension : a notre avis, cette chute de la pression arterielle se produisant 
par action des derives sur la fibre musculaire lisse masque chez la plupart 
des chiens une certaine tendance hypertensive. Celle-ci apparait beau 
coup plus clairement pour la benzoylsalicylamide. 

Nous ne pourrions d’ailleurs mieux comparer Paction stimulate 
respiratoire des acetylsalicylamides qu’a celle de la lobeline ont 
structure chimique est cependant bien differente. Plus proche au po 
de vue structure, nous trouvons la coramine, deri\e de L p}r 
souvent utilisee comme analeptique respiratoire, mais ont 


(*) Les derives de la salicvlamide et de la benzami e ont * ® • ' A j irrc } ;ri 

travail ont 6te synthetis^s par H. Le Bihan et P. R ayet au a ora o.. 
de la Societe Beige de I’Azote et des Produits chimiques u 
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d’action a ete demontre recemment comme etant tout different de celui 
des acetylsalicylamides, puisqu’il est central (Henderson et Yi, 1943). 

En conclusion : l’O-acetylsalicylamide, la N-acetylsalicylamid.e et la 
0 ,N-diacetylsalicylamide provoquent toutes trois une stimulation respi- 
ratoire dont le point de depart se trouve dans les elements chemosen- 
sibles du sinus carotidien. Comme action secondaire, ces trois derives 
determinent une hypotension somatique par action depressive sur la 
fibre musculaire lisse. 
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INFLUENZA DEL PARATORMONE E DELLA VITAMINA D 2 
SULL'ATTIVITA FOSFATASICA DEL RENE DI RATTO 

(With Summary) 


DI 


M. BONELLI e G. SALA 


(Manoscritlo ricevuto il 28-3-19497. 


L’azione del paratormone e della vitamina D 2 sul ricambio fosfocal- 
cico e complessa e coinvolge parecchi organi e funzioni. 

Negli ultimi anni Albright e Ellsworth (i) e Goadby e Stacey (2) 
hanno dimostrato che l’azione primitiva del paratormone si esercita 
nella regolazione del metabolismo del fosforo e non nella regolazione di 
quello del calcio; successive ricerche di Tweedy e collaboratori (3), 
Neufeld e Collip (4), Selye (5), Cohn, Cohn e Aub (6), Albright (7) 
precisarono sempre meglio questo concetto attribuendo al paratormone 
un’azione iperfosfaturica, confermata anche dalle piu recenti ricerche di 
Tweedy e Campbell (8) e Tweedy e Collaboratori (9) eseguite con 
l’impiego del fosforo radioattivo, attraverso un meccamsmo rcnale 
diretto : 1’aumento della fosfaturia, che awerrebbe secondo Harrison e 
Harrison (10) per una diminuzione del riassorbimento tubulate dei 
fosfati, provocherebbe ipofosforemia, conseguente mobilizzazione com 
pensatoria dei fosfati calcici dell’osso e contemporanea ipercalcemia. 
poiche si mantiene invariata la soglia renale per il calcio. ^ . 

AU’azione renale diretta del paratormone fanno pero obieziom 

Gunnar (ii) e Fay, Behrman, Buck (12). . . , , 

Alla vitamina D s , oltrc la nota azione sull'assorbimcnlo m.cstmalc dc 
calcio, e sull’osso, Tweedy (13), Cameron (14), Harrison (10) a 
buiscono anche un'azionc renale diretta, consistente ,n d.minuz.om 
della fosfaturia con iperfosforemia, per aumcnta.o nassormmen 
tubulare dei fosfati. Dati in contrasto sono invcce fomiti da Cl.i .r. - ( a 
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In base a questeacquisizioni, in parte cliniche ed in parte sperimentali, 
che prospettano sotto nuova luce il meccanismo di azione farmacologica 
del paratormone e della vitamina D 2 , abbiamo voluto indagare il com- 
portamento delle fosfatasi alcalina ed acida del tessuto renale del ratto 
dopo somministrazione di paratormone e di vitamina D 2 , seguendo 
l’ipotesi di lavoro che alle surriferite modificazioni della fosfaturia 
provocate da queste due sostanze, potessero corrispondere modifica- 
zioni dell’attivita delle fosfatasi del tessuto renale, per cercare cosi di 
far luce sui rapporti tra fosfatasi del rene e funzione renale di eliminazione 
dei fosfati. 


Tecnica sperimentale 


Furono usati ratti bianchi adulti di entrambi i sessi, del peso variante da g. 150 a 
g. 240, tenuti a dieta equilibrata normale, lasciati nutrire ad libitum nel corso delle 
esperienze. 

6 ratti furono tenuti come controlli. 

14 ratti furono iniettati s. c. con 20 U. I. di Paratormone Lilly e sacrificati a varia 
distanza di tempo. 

5 ratti furono iniettati s. c. con 10 mg. di vitamina D 2 Glaxo, e uccisi a varia distanza 
di tempo. 

Gli animali vennero sacrificati per dissanguamento. 

Gli estratti d’organo furono preparati : secondo il metodo di Kay (16), con autolisi 
di 24 ore, per il rene e fegato; secondo la tecnica proposta da Martland e Robison (17), 
con autolisi di 8 giomi, per l’osso. 

Il potere fosfatasico fu determinate secondo il metodo di Bodansky (18). 

Nella determinazione della fosfatasi acida fu usato un tampone a pH 5 formato con 
acido acetico ed acetato di sodio; per la fosfatasi alcalina usato un tampone al veronal 
a pH 8.6. 

Gli animali furono tutti uccisi con la tecnica prima esposta; nessuno mori per fatti 
tossici, e neppure mostro segni di intossicazione. 


Risultati 

Nella tavola 1 sono riferiti i dati riguardanti le fosfatasi alcaline e 
acide del rene, fegato e osso, riferiti sia all’unita di peso che al peso 
totale dell’organo, degli animali controllo e di quelli iniettati. Nella 
colonna tempo sono segnate le ore trascorse tra l’iniezione e la morte 
degli animali. 

La figura 1 mostra le variazioni percentuali della fosfatasi alcalina del 
rene riferite a 1 g di tessuto fresco, dopo trattamento con paratormone e 
con vitamina D 2 , rispetto ai controlli : ognuno dei dati segnati nel 
diagramma rappresenta la media dei valori ottenuti da due animali, 
salvo quelli della 5 0 , 7 0 , 48° ora nell’esperienza con paratormone, e 



I'osfatasi in uniti Bodansky 
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inorganici circolanti che vengono poi eliminati dal rene attraverso un 
meccanismo a tipo di soglia. 

Le elettive modificazioni di attivita della fosfatasi alcalina del rene da 
noi dimostrate sembrerebbero contraddire la seconda delle due ipotesi; 
e d’altra parte per ora impossible rendersi ragione dei rapporti fra 
attivita fosfatasica renale e funzione renale di eliminazione dei fosfati, 
che oggi sappiamo implicare certamente un meccanismo di riassorbi- 
mento tubulare. 


Riassunto 

L’iniezione s. c. di 20 U. I. di Paratormone provoca nel ratto un 
significativo ed elettivo aumento della fosfatasi alcalina del rene. 

L’iniezione s. c. di 10 mg di vitamina D 2 provoca nel ratto una signi- 
ficativa ed elettiva diminuzione della fosfatasi alcalina del rene. 

Queste modificazioni elettive appoggiano l’idea di un’azione renale 
delle due sostanze iniettate. 


Summary 

The alkaline phosphatase of rat kidney increases after a single sub- 
cutaneous dose of 20 I. U. of Lilly Parathormone; on the contrary a 
decrease of rat kidney alcaline phosphatase was observed after a single 
subcutaneous dose of 10 mg of Glaxo vitamine D 2 . 

These elective and statistically significative modifications support the 
hypothesis of a direct action on the kidney of parathormone and 
vitamine D 2 . 
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CLINIQUE MEDICALE UNIVERSITAIRE DE L’HOPITAL BRUGMANN 

PROF. BASTENIE 


ACTION DU CHLORHYDRATE DE DlETH YLAMINOETH YE- 
N' THIODIPHENYLAMINE SUR LE METABOLISME BASAL 
ET LE METABOLISME APR£S EFFORT DE SUJETS 
HYPERTHYROIDIEN S ET NORMOTHYROIDIENS 


PAR 


J. MAHAUX et K. KOWALEWSKI 


( Travail repu le 4-4-1949). 


I. — Action sur les combustions basales 

Nous avons deja signale dans des publications anterieures (1, 2, 3) 
la reduction appreciable des combustions qui fait suite a 1’ administration 
de Tester diethylaminoethylique de Facide phenyl-cyclopentane- 
carboxylique (Parpanit) : 

1) Chez les parkinsoniens graves a metabolisme eleve. 

2) Chez les hyperthyroidiens. 

J. Sigwald, D. Bovet et G. Dumont (5) ont decrit, en 1946, les 
proprietes du Chlorhydrate de Diethylaminoethyl-N-Thiodiphenyla- 
mine (2987 R.P.), produit synthetique nouveau dont F administration 
aux parkinsoniens diminue l’hypertonie, le tremblement et l’akinesie, 
sans modifier notablement le pouls et la tension arterielle. 

Comme nous Favons montre ailleurs, l’administration de cette 
substance (250 mgr) a des parkinsoniens permet d’observer, apres 
45 a 60 minutes, une chute appreciable de leur consommation d’oxygene. 
Dans une serie de 6 cas de Parkinson senile, les combustions, dont la 
valeur moyenne est de + 39 %, tombent a + 15,5 %. Dans un groupe 
de 9 cas de Parkinson postencephalitique, les combustions passent d’une 
moyenne de + 49 % a + n %. 



HVI'l''!TIIVIM„,)In.\f i:t .vormothyrojdiens 465 

xi dc , ,;;f : si t “*» — b„, ique se 

hyperthyroidiens {.M. * N .T ™ *** 4» 

io nomiothyroidiens (.M. p ( j c j / /0 J ct ’ a tltre de temoins, 

JO .1 — jo / o y 



Di(*thvlarnino^tlivt\^^^ U 1 * , "°« n ® apris administration dc 250 mg de Chlorhvdrate de 
- imoumi-.N-Thiodiphcnvlamir" /r ^ : •' 


A. 

B. 


iodiphenyiamine (Diparcol). 

' l £} >ez 9 Parkinson post-cncepbalitiquc, chute de 

' ) I ,h/>» *“* * IT.. 1 f , V 


- 49 % a + XI % 
14.4 % 


B. i — ' * ' { r*\ ' ' 1 arK,nson post-encephalitique, chute de -f- 49 % a 

C. r ( r'\ S ' ~ , ' ,p V r d , y r oidicns graves, chute de + 46,1 % a + 

D. — ( ^ ni Z ”^ >nr * <inson stymies, chute de + 39 % a 4 - 15,5 % 

E. — ( I nx' hyperthyroidiens moycns, chute de + 24,5 % a + 7,7 % 

F. r ' ~J ,CZ hyperthyroidiens legers, chute de 4- 15,9 % a + 2,5 % 

O n constat yhcz 10 sujets normaux, chute de 4- 4,9 a — 1,4 %. 

pbtenu chejf Jc ^ U ° J. e ^ et . °bserve chcz Jes hyperthyroidiens est superposable a celui 
initialcs sont plus ^ J e n ? on lcn s • Cet e Bct est d’autant plus marque que les combustions 


Action chez les hyperthyroidiens. 

r j^°^ S avons separe des etats d’hypermetabolisme eleve (M. B. supe- 
ca U y 3 4 ° %)> des cas moyens (M. B. de + 20 % a + 40 %) et des 

as egers (M. B. de -f io % a -f- 20 %) (Fig. i). Dans les etats d’hyper- 
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metabolisme eleve (7 cas), les combustions tombent en moyenne de 
-f 46,1 a + 14,4 %, soit une difference ( A) de 31,7 %• 

Dans les cas moyens (17 cas), elles tombent de + 24,5 % a 7,7 %» 
soit une difference (A)dei6,8%. 

Dans les cas legers (16 cas), elles tombent de 15,9 % a -f 2,5 %, soit 

une difference (A) de 13,4 %. 


2) Action chez les normothyroidiens. 

Chez 10 sujets a combustions basales normales (M. B. oa + 10 %), 
le metabolisme s’abaisse en moyenne de 4,9 % a — 1,4 %, soit une 
difference (A) de 6,3 %. L’epreuve n’a pas ete appliquee a des hypo- 
thyroidiens. 

En resume : La reduction des combustions par le Chlorhydrate de 
Diethylaminoethyl-N-thiodiphenylamine, marquee dans les etats d’hy- 
permetabolisme eleve (A • 31,7 %), Best moins dans les cas moyens 
(A • 16,8 %) et les cas legers (A • *3>4 %)• L’ action hypometabolique 
est d’autant plus efficace qu’elle s’exerce sur des processus plus actifs 
(Fig. i). L’emploi du Parpanit nous avait deja fait faire la meme con- 
statation. 


II. — Action sur les combustions apres effort 

Comrae dans l’etude consacree au Parpanit, nous avons mesure : 

x) Les combustions basales. 

2) Les combustions apres 3 minutes de mouvements rythmiques 
des bras. Le patient absorbe ensuite 250 mg. de Chlorhydrate de 
Diethylaminoethyl-N-thiodiphenylamine et se repose pendant 45 
minutes. A ce moment, on effectue. 

3) Une nouvelle mesure des combustions de repos. 

4) Une nouvelle mesure des combustions apres effort. 

Cette epreuve a ete appliquee a 10 sujets a metabolisme basal superieur 
a + 10 %. Le tableau et le graphique ci-contre reunissent les resultats 
obtenus (Tableau I, Fig. 2). On constate que la premiere epreuve 
d. effort eleve les combustions d’une valeur moyenne de -J- 29 % a 
+ 5T8 %, soit une fleche (Fi) de 22,8 %. Le Chlorhydrate de Diethyl- 
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aminoethyl-N-thiodiphenylamine abaisse ics combustions a -f- 15,1 % 
( A : 13,9 %). La sccondc eprcuve d’efFort ne donne plus qu’une fiechc 
metaboliquc (Fa) de 8,2 %. Commc apres Parpanit, on constate une 
reduction appreciable de la fleche hypermctabolique d’effort. 
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Tableau I 


N° 

1 

Nom 

t 

1 

Sexe l 

Age 

Poids 

i ! 

1 

Taille 

1 

1 

MB % 

1 

1 

| M. 

effort 

M. 

diparcol 

M. 

diparcol 
4 - effort 

1 

b.m. ; 

$ 

55 

5 i 

1,64 

4- 

4S 

4 - 

60 

4 " 

31 

4 - 40 

2 

1 M.D. 

$ 

4 i 

49 

1 1,60 

-L- 

48 

1 -H 

7 ° 

1 

T 

18 

4 - 20 

3 

, D.B. 

? 

49 

46 

I 1,53 

~r 

40 

1 4 * 

63 

+ 

13 

4 “ 18 

4 

D.M. 

$ • 

28 

; 47 

' 1,57 

+ 

30 

+ 

71 

4 - 

23 

4- 37 

s 

■ M.M. 

$ ' 

25 

54 

j 1.54 

+ 

30 

' -L 

65 

4 - 

21 

4- 33 

6 

i V.M. 

? ' 

33 

53 

I 1,55 


25 

! + 

52 

4 - 

10 

4- 17 

7 

H.M. 

? 

68 

! 47 

, I >54 

+ 

23 

1 4- 

40 

4. 

IO 

4- 21 

8 

, D.B. 

? 

! 28 

1 46 

j 1.55 

+ 

18 

, "h 

40 


16 

4- 20 

9 

' M.B. 

$ 

44 

j 56 

! 1,76 

-U 

l 6 

1 + 

37 

4- 

2 

4- 7 

IO 

C.M. 

O 

52 

f 

6 l 

1 1,53 

1 

- 4 - 

14 

1 -f- 

i 

20 

4- 

7 

4 - 10 

Moyennes 


1 



-t- 

29 

1 4- 

51,8 

4 _ 

15,1 

4 - 23,3 









22,8 




8,2 



r . — 
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Conclusions 

L effet pharmacodynamique du Chlorhydrate de Diethylaminoethyl- 
N-thiodiphenylamine sur les combustions des hyperthyroidiens se 
revele superposable a celui de l’ester diethylaminoethylique de Tacide 
p henyl-cy clop entane-carb oxy li que . 

II semble que 1 hyperthyroidie entraine une excitation anormalement 
elevee des centres nerveux superieurs activateurs des mecanismes ther- 
mogenetiques, musculaires et autres, et que la medication realise une 
reduction de cette hyperthermogenese. Cette conception nous parait 
compatible avec l’analyse mathematique de l’effet hypermetabolique 
de la thyroxine par I. M. Rabinowitch (4), laquelle suggere qu’un des 

facteurs de l’elevation des combustions est 1’augmentation de la masse 
de protoplasme actif. 
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PALUDRINE AND CATION EXCHANGE 


BY 


L. MASSART 


(Recieved for publication 7-4-1949). 


It has been proved that different basic dyes such as trypaflavine and 
methylene blue cause a progressive inhibition of the respiration of 
bakers’ yeast (1). Protamine has the same effect (2). Other basic organic 
compounds such as spermine and streptomycine do not interfere with 
the respiration of baker’s yeast (3). 

We have shown that the inhibition of the respiration of bakers’ yeast 
caused by trypaflavine can be reversed by non toxic metallic cations and 
by non toxic basic compounds (4). The reversion by metallic cations 
is governed by the valence of the reversing cation. This means that we 
are dealing with an exchange of cations. 

This paper is devoted to the activity of another basic compound, the 
well known anti-malarial paludrine. 

From our experimental results it appears that paludrine causes a 
progressive inhibition of the respiration of bakers’ yeast and that this 
inhibition is reversed by metallic cations (MgS 0 4 has been employed) 
and by non toxic basic organic compounds (spermine and strepto- 
mycine) just like it is the case for trypaflavine and other basic dyes. 

Experimental Part. 

All our experiments were made with the Warburg apparatus. The 
temperature was always 30° C. The cups contained 2 ml of fluid : 1 ml 
of a 1 % suspension of bakers’ yeast in KH 2 P 0 4 M/20, 0,1 ml of glucose 
10 % and 0,9 ml of water or resp. inhibitor or inhibitor -j- reverser. 
The results are expressed in /xl oxygen per hour. 
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Fresh suspensions of yeast were always used and this explains the 
differences in the uptake of oxygen for different experiments. Paludrine 
has been used as the hydrochloride. 

F ■ Reversion of the inhibition by spermine 

Paludrine has been used at a final concentration of M/500; the final 
concentration of spermine is given in the tables; it has been used as the 
tetrahydrochloride. 


Without paludrine; 
without spermine. 


254 

279 

284 

284 


With paludrine; 
without spermine. 


145 

147 

175 

175 


With paludrine; 
with spermine at the 
cone, indicated below. 


5.io -3 M 247 

5.10 - 3 M 277 

2.10 - 3 M 278 

i.io~ 3 M 283 


II. — Reversion of the inhibition by streptomycine 


Paludrine has been used at a final concentration of M/500; the final 
concentration of streptomycine was i.io -2 ; streptomycine hydro- 
chloride Squibb was used in the experiments. 


Without paludrine; 

I 

With paludrine; 

With paludrine; 

without streptomycine. 

without streptomycine. j 

with streptomycine. 

281 

j 

180 

212 

245 

! 

195 


III. — Reversion of the inhibition by Mg-ions 

Paludrine has been used at a final concentration of M/500; the final 
concentrate of magnesium sulfate was i.io" 2 M. 


Without paludrine; 

With paludrine; 

without Mg ++ . 

without Mg ++ . 

261 

148 

257 

151 


With paludrine; 
with Mg • 


249 

256 
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Discussion 

From our experiments it resorts, that the inhibition of the respiration 
of bakers’ yeast, caused by the basic compound paludrine, is reversed 
by Mg-ions and by the non inhibiting (in so far as respiration is con- 
cerned) basic compounds spermine and streptomycine. It should 
however been said that streptomycine is a poor reverser. 

These results widen our earlier experiments concerning the inhibition 
by basic dyes and more especially by trypaflavine and methylene blue (4). 
Our hypothesis that a cation exchange takes place between the inhibiting 
compounds and ions of the yeast cell therefor grows in importance. 
The basic compounds are bound by cation exchange and this is the first 
step in the mechanism of their activity. We have proved before that 
the nucleic acids of the yeast cell are excellent cation exchangers (5). 

Two points remain to be explained. The first one is, why trypa- 
flavine f. i. is toxic and spermine not. We have no definite answer to 
this question. The second point is that one asks why growth is stopped 
before respiration. It should be said that nucleic acids are concerned 
as well with growth as with respiration. The first of this facts is no 
more to be proved, the second appears from experiments of Chan- 
trenne (6), who has shown that important respiratory enzymes are 
bound to the larger “ micro-organites ” of the yeast cell and that these 
micro-organites contain also ribonucleic acid. It might be suggested 
that the different “ micro-organites ” do not bind basic compounds with 
the same ease and that in this way a differentiation between growth and 
respiration takes place. 


Summary 

Paludrine exerts a progressive inhibition upon the respiration of 
bakers yeast. This inhibition is reversed by Mg-ions, by spermine and 
streptomycine. It is suggested that paludrine is bound by cation 
exchange. 


Resume 


La paludrine provoque une inhibition progressive de la respiration 
des levures de boulangerie. Cette inhibition disparait en presence d’ions 
Mg, de spermine et partiellement en presence de streptomycine (a la 
concentration experimentale utilisee). II est suggere que les cathions 
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des composes organiques basiques sont fixees par la cellule par un 
phenomene d’echange de cathions. Les acides nucleiques sont des 
excellents echangeurs de cathions. 

We are most grateful to the « Amsterdamse Chininefabriek » Amsterdam, for a gift of 
paludrine and to Hofmann-Laroche (Basle) for a gift of spermine. 


Bibliography 

1. — J. De Ley, G. Peeters and L. Massart. Biochim et Biophys. 

Acta, 1947, 1, 393. 

2. — L. Massart and P. Van Den Daele. Arch. int. Pharmac. Ther., 

1948, 76, 424. 

3. — L. Massart. Arch. int. Pharmac. Ther., 1948, 77, 88. 

4. — L. Massart, G. Peeters and J. Wuyts-Robiette. Arch. int. 

Pharmac. Ther., 1947, 75> 162. 

5. — L. Massart, G. Peeters and A. Van Houcice. Arch. int. Phar- 

macod. Ther., 1947, 75> 210. 

6 . — H. Chantrenne. Enzymologia, 1943 “ 45 > JJ > 2 I 3 - 


8 



Arch. int. pharmacodyn., 1949, LXXX, No 4. 


474 


INSTITUT J. F. HEYMANS DE PHARMACODYNAMIE ET DE THERAPIE 
DE L’UNIVERSITE DE GAND 
DIRECTEUR : PROF. DR C. HEYMANS 


SUR LA PHARMACOLOGEE DU 
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( With Summary) 


PAR 


G. Van den HEUVEL 


(Travail refit le 9-4-1949,). 

Differents nouveaux derives de l’ammonium quaternaire ont ete 
synthetises par Le Bihan, Urbain et Rayet (i). Les proprietes 
pharmacologiques de certains de ces composes ont ete etudiees par 
Dallemagne et Philippot (2) et nous-memes (3). 

Dans le present travail nous avons etudie le chlorure de lauryl- 
dimethylamino-2-acetoxy- 1 -ethane (757 L) et le chlorure de lauryl- 
dimethylamino-3-dioxy-i-2-propane (765 L.) ( x ). 

1) Lauryl-dimethylamino-acetoxy- ethane (757 L). 

Dans des publications anterieures, Dallemagne et Philippot (2) 
et Van den Heuvel (3) ont deja decrit certaines proprietes pharmaco- 
logiques du 757 L (2) et du lauryl-dimethyl-amino-ethanol (764 L) (3). 
Ces auteurs ont montre que ces deux composes poss^dent des proprietes 
paralysantes synaptiques (actions synaptolytiques) et curarisantes. 

Nous nous sommes proposes de preciser quelques proprietes du 757 L., 
particuli^rement en ce qui concerne ses actions synaptolytiques et 
curarisantes. 

Ces experiences ont ete effectuees chez le chien. 

(') Ces composes ont ete aimablement mis a notre disposition par les laborafoires de 
recherches pharmaceutiques de la Soc. Beige de l’Azote et des Produits Chimiques du 
Marly. 
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V oici les details d’une experience : 

Chien, 22 kg; anesthesie a la morphine-chloralosane. Les nerfs vagues cervicaux sont 
sectionnes, afin d’eliminer l’innervation pressosensible cardio-aortique. Respiration 
artificielle. On enregistre la pression arterielle et la respiration. L’hypotension au niveau 
des sinus carotidiens, determinee par l’occlusion des deux carotides communes, provoque 
une hypertension arterielle reflexe ( | 1, fig. 1). 

La desocclusion des carotides communes ( | 2, fig. 1) ramene la pression arterielle a 
son niveau normal. 

L’excitation electrique du bout central du nerf vague declenche une hypertension 
arterielle reflexe (3 I -4 1 , fig. 1). 

L’excitation electrique du bout cardiaque du nerf vague provoque un arret du coeur 
(fig. 1, | 5). 

L’injection intraveineuse, entre II et III, fig. 1, de 1 mg/kg de 757 L determine une 
legere chute de la pression arterielle et deprime ( f 6- f 7, fig. 1) les reflexes vasomoteurs 
sino-carotidiens et l’hypertension reflexe declenchee par l’excitation du bout central du 
nerf vague ( j 1 8- | 9, fig. 1). La bradycardie provoquee par Pexcitation du nerf vague 
cardiaque ( j 10- | n, fig. 1) est notablement plus faible. 



Fig. 1 

Chien, kg : anesthisie 4 la morphine-chloralosana. L« nerfs : vague, e»"”eette"es. 
De haul en bae : p neum ogra mm e da la respiration art.ficelle (R). Pees,, on artcrt.IIe 

frequence cardiaque (P.A.). Temps: 3 sec. 

1 1 — f 2; occlusion et desocclusion des carotides communes. 

7 3 — 74 : excitation du bout central du nerf vague, 
f 5 : excitation du nerf vague cardiaque. 

Entre II et III : injection intraveineuse de 1 mg kg 757 - 

f 6 — 7 7 ; occlusion et desocclusion des carotides commun . 

7 8 — 7 9 •' excitation du bout central du nerf vague. 

7 10 — 7 11 : excitation du nerf vague cardiaque. 
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Cette dose de i mg/kg de 757 L a done deprime la conduction synaptique de l’inner- 
vation vagale et sympathique. 

Cette depression au niveau des synapses vasomoteurs est passagere. Les reflexes 
vasomoteurs sino-carotidiens se retablissent, en effet, a leur valeur normale, quelques 
minutes apres l’injection de 1 mg/kg 757 L. 

La depression de la conduction au niveau des synapses vagaux est, par contre, persis- 
tante. 

On mjecte ensuite une nouvelle dose de 2 mg/kg 757 L. La pression art^rielle tombe de 
120 a 90-100 mm. Hg. 

L’ excitation du nerf vague cardiaque ( j 1- j 2, fig. 2) ne provoque plus qu’une faible 
bradycardie, et les reflexes vasomoteurs determines par l’occlusion ( f 3, fig. 2) et la dds- 
occlusion des carotides communes ( f 4, fig. 2), ainsi que par 1’excitation du bout central 
du nerf vague ( f 5- f 6, fig. 2) sont faibles. 



Fig. 2 

Meme chien qu’en fig. 1. 

Respiration spontanee. 

I 1 12: excitation du nerf vague cardiaque, apres injection i. v. d’une dose totals 

de 3 mg/kg 757 L. 

13 14 - occlusion et desoccluston des carotides communes. 

13 i • excitation du bout centra] du nerf vague. 
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La conduction au niveau des synapses vagaux et vasomoteurs est pratiquement 
bloquee (fig. 3, |i-|2; j 3- 1 4; j 5- f 6) apres I’injection d’une dose totale de 
9 mg/kg 757 L. 

Une nouvelle injection ( j 7, fig. 3) de 1 mg/kg, soit au total xo mg/kg 757 L, provooue 
une chute de la pression arterielle et un arret de la respiration. 

L’animal, est, a ce moment, curarise totalement. 

L’injection intraveineuse de 10 mg de tartrate de nicotine ne determine ni bradycardie, 
ni hypertension arterielle. Les synapses parasympathiques et sympathiques sont done 
completement paralyses par cette dose de 757 L. 



Fig. 3 

Meme chien qu’en fig. 1 et 2. 

j' 1 — f 2 : excitation du nerf vague cardiaque, apres injection i.v. d une dose totale 
de 9 mg/kg 757 L. 

j' 3 — 1'4t occlusion et desocclusion des carotides communes, 
j' 5 — j' 6 : excitation du bout central du nerf vague. 

7 : injection i.v. de 1 mg/kg 757 L, soit une dose totale de 10 mg/kg /5/ L. Respiration 

artificielle, l’animal etant totalement curarise. 


Ces faits experimentaux montrent que le 757 L deprime, puis parah-c 
les synapses vegetatifs peripheriques. La dose synaptolytique de 757 L 
est egalement curarisante. 


2) Lauryl-dimethylamiiiO'dioxy-propane (765 L). 

Ce compose, synthetise par Le Bihan et coll. (1) 
fait Tobjet de recherches experimentales. 


n’a pas encore 
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Void le protocole d’une experience : 

Chien, 7 kg., anesthesie a la morphine-chloralosane. Les nerfs vagues cervicaux sont 
sectionnes. On enregistre la pression arterielle, la frequence cardiaque et la respiration. 


L’hypotension au niveau des sinus ca- 
rotidiens (ji-|2, fig. 4) determine une 
hypertension arterielle reflexe trfes mar- 
quee. 

L’excitation du nerf vague cardiaque 
provoque un arret du cceur ( | 3, fig. 4). 

L’injection intraveineuse, (ft, fig. 5). 
de 1 mg/kg 765 L provoque une legere 
chute de la pression arterielle et une 
inhibition respiratoire passag£re. 

Une nouvelle dose de 1 mg/kg de 765 L 
est injectee. 

Aprfes cette dose totale de 2 mg/kg 
765 L, 1’ excitation du nerf vague cardiaque 
( | 2, I 3, fig. 5) et l’hypotension au niveau 
des sinus carotidiens ( j 4 - j 5, fig. 5) 
determinent une cardio-inhibition et une 
hypertension reflexe plus faibles qu’avant 
l’injection de 765 L. 

Une nouvelle injection ( j 6, fig. 5) de 
2 mg/kg 765 L, la dose totale etant ainsi 
de 4 mg/kg, entraine une chute plus pro- 
fonde de la pression arterielle et une forte 
inhibition respiratoire. L’animal est cura- 
rise, en ce qui concerne ses muscles 
squelettiques et intercostaux. Seul le 
diaphragme presente encore quelques 
mouvements respiratoires superficiels. La 
respiration artificielle doit etre effectuee. 
La bradycardie par l’excitation du nerf 
vague cardiaque et les reflexes vasomoteurs 
d’origine sino-carotidienne sont tres de- 
primes. 

Des injections successives de 765 L, 
usqu’a la dose totale de 8 mg/kg, provo- 
quent une curarisation complete. Les 
reflexes vasomoteurs sino-carotidiens (| 1- 
| 2, fig. 6) sont tres deprimes, mais non 
supprimes. 

La bradycardie par excitation du nerf 
vague cardiaque ( j 3 - f 4, fig. 6) et la 
bradycardie nicotinique font defaut. 



Fig. 4 

Cluen, 7 kg. Anesthesie a la morphine- 
chloralosane. Nerfs vagues sectionnes. 

De haul en bas: Respiration (R), Pression 
arterielle (P.A.). Temps : 3 sec. 

ft — t 2 : occlusion et desocclusion 
des carotides communes. 

f 3 — t 4 ’• excitation du nerf vague 
cardiaque. 


Le 765 L est done un curarisant; il paralyse egalement les synapses 
parasympathiques et deprime notablement les synapses sympathiques. 
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Fig. 5 

M£me chien qu’en fig. 4. 
f 1 : injection i.v. de 1 mg/kg 765 L. 

Entre I et II : injection i.v. de 1 mg/kg 765 L. 

1 2 — f 3 : excitation du nerf vague cardiaque. 
f 4 — f 5 : occlusion et desocclusion des carotides communes, 
f 6 : injection i.v. de 2 mg/kg 765 L. Soit au total 4 mg/kg 765 L. 



Fig. 6 

Meme chien que fig. 4 et 3. „ . 1 

Respiration artificielle; l’animal etant curarise par 1’mjection i.v. e 4 mg 'g / 
t 1 — 'f 2 : occlusion et desocclusion des carotides commune 
1 3 — 1 4 : excitation du nerf vague cardiaque. 
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Conclusions 


Le lauryl-dimethylamino-acetoxy-ethane (757 L)et le 1 auryl- dim ethyl - 
amino-dioxy-propane (765 L) sont des composes svnaptolytiques, 
curarisants et nicotinolytiques. Les doses synaptolytiques sont voisines 
des doses curarisantes. 


Summary 

Lauryl-dimethylamino-acetoxy-ethane (757 L) and lauryl-dimethyl- 
ammo-dioxy-propane (765 L) are synaptolytic, curarizing and nicotino- 
lytic agents. The synaptolytic doses nearly correspond to the cura- 
rizing doses of these compounds. 
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